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NORTH    OF    ENGLAND    INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


STUDENTS'  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

August  13th,  1895. 


Mr.  R.  0.  BROWN  in  the  Chair. 


Mr.  M.  Walton  Brown,  in  explaining  what  had  led  to  the  present 
Students'  Meeting,  said  the  Council  saw  that  the  students  were  not 
attending  the  General  Meetings  which  were  held  in  the  various  districts, 
and  they  thought  it  was  possible  that  the  students  did  not  care  to  express 
their  views  before  the  older  members.  Consequently,  the  Council  of  The 
Federated  Institution  of  Mining  Engineers  suggested  that  such  meetings 
should  be  held.  Mr.  T.  A.  Southern  and  himself  prepared  a  draft  scheme 
which  was  submitted  to  and  adopted  by  the  Council,  and  a  prize  was 
offered  for  the  best  paper  on  the  subject  of  "  The  Prevention  of  Accidents 
in  Mines." 


Mr.  Austin  Kirkup  read  the  following  paper  on  "  The  Prevention  of 
Accidents  in  Mines  "  : — 


VOL.  XLV.— 1895-96. 


THE    PREVENTION    OF    ACCIDENTS    IN    MINES. 


TIIE  PREVENTION"  OF  ACCIDENTS  IN  MINES. 


By  AUSTIN  KIRKUP. 


The  subject  of  this  essay  is  most  important  to  all  of  us  who  are 
engaged  about  mines.  In  our  daily  work  underground  as  colliery 
officials,  the  most  important  duty  which  we  have  to  perform  is  to  see 
that  all  the  different  operations  of  mining  are  carried  out  in  as  safe  a 
manner  as  possible.  AVe  have  to  carry  out  the  Coal  Mines  Regulation 
Act,  together  with  the  General  Rules,  which  have  been  framed  for  the 
purpose  of  preventing  as  far  as  possible  the  occurrence  of  accidents  in 
mines.  In  addition  to  the  General  Rules  there  are  the  Special  Rules  of 
each  mining  district  applicable  to  each  colliery,  and  these  are  "  for  the 
conduct  and  guidance  of  the  persons  acting  in  the  management  of,  or 
employed  in  or  about  the  mine." 

There  is  no  doubt  that  the  legislative  enactments  in  connexion  with 
mines  have  had  a  most  beneficial  effect  on  the  safe  working  of  collieries. 
This  is  the  more  obvious  when  we  compare  the  deaths  from  accidents  in 
mines  at  the  present  time  with  what  they  were  25  years  ago.  On 
reference  to  statistics  which  have  already  appeared  in  the  Transactions 
of  The  Federated  Institution  of  Mining  Engineers  the  writer  finds  that 
in  the  year  1868  the  fives  lost  were  at  the  rate  of  1  in  every  343 
persons  employed,  and  in  1893  (the  latest  statistics  available)  the  ratio 
was  1  in  every  676  persons  employed.*  These  statistics  speak  for 
themselves.  They  show  the  increased  conditions  of  safety  under  which 
the  miner  now  works.  This  improvement  is  due  partly  to  the  mining 
legislation  enacted  since  1868,  and  partly  to  the  improved  safety- 
appliances  which  have  been  introduced  during  recent  years,  chiefly  by 
means  of  the  educating  influences  of  the  mining  institutes.  It  is  only 
3sary  to  instance  the  high  perfection  of  present-day  mechanical 
ventilators  and  safety-lamps  to  prove  the  truth  of  this  latter  assertion. 

But  in  spite  of  this  improvement,  the  death-rate  from  accidents  is 
still  comparatively  high.  Fortunately  we  are  not  so  often,  as  in  former 
years,  appalled  by  some  disaster  involving  enormous  loss  of  life,  although 

*  -'Presidential  Address."  by  Mr.  John  Xevin,  vol.  viii.,  page  288, 
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the  writer  is  sorry  to  say  that  this  class  of  accident  has  not  altogether 
disappeared.  But  it  is  not  these  great  accidents  which  swell  our  death- 
roll  to  such  an  extent.  On  analysing  the  accident  list  we  find  that  (what 
the  writer  may  call)  the  individual  accidents,  when  collected,  form  an 
alarming  total. 

The  writer  proposes  in  this  essay  to  deal  with  each  of  the  different 
classes  of  accidents,  with  especial  reference  to  those  accidents  which  we 
all,  at  more  or  less  frequent  intervals,  witness  in  our  individual  capacities 
at  collieries. 

According  to  the  reports  of  H.M.  Inspectors  of  Mines  for  1893,  the 
number  of  deaths  from  accidents  in  that  year  was  1,060,  and  they  have 
been  divided  into  seven  classes,  which  may  be  enumerated  as  follows  : — 


Xo.  of  Deaths. 

Per  Cent. 

1. 

Explosions 

160      or 

15-10 

2. 

Falls 

412 

38-89 

3. 

Shafts 

103       .. 

9-70 

4. 

Explosives  and  Suffocation 

29       „ 

273 

5. 

Tubs  or  Engine-planes 

131       „ 

12-36 

6. 

Sundry  causes  (underground) 

105 

9-90 

7. 

Surface  * 

120 

11-32 

As  previously  stated,  the  most  complete  method  of  dealing  with  the 
subject  which  suggests  itself  to  the  writer  is  to  deal  with  each  class  of 
accident  in  succession,  but  with  reference  more  particularly  to  accidents 
from  falls,  tubs,  or  engine-planes,  and  such  other  accidents  as  have  come 
within  his  own  observation. 

Explosions. — Perhaps  in  no  branch  of  science  has  the  benefit  of 
research  and  the  subsequent  legislation  attendant  on  important  dis- 
coveries for  the  prevention  of  accidents  been  more  conspicuous  than  in 
that  part  of  science  dealing  with  the  cause  of  explosions  and  the  precau- 
tions to  be  used  for  preventing  them.  The  frequency  of  these  terrible 
disasters  caused  special  attention  to  be  devoted  to  them  by  mining 
engineers  and  scientific  experts,  with  the  result  that  to  a  large  extent  the 
deplorable  state  of  things  which  once  existed  has  been  remedied. 

As  every  one  knows,  there  is  one  gaseous  substance  found  in  mines 
which,  when  brought  into  contact  with  flame  after  being  mixed  with  a 
sufficient  volume  of  air,  will  explode.  This  gas  is  known  as  fire-damp. 
There  is  also  another  substance — in  this  case  a  solid — which  will  in  every 
case  extend  the  effects  of  a  gas-explosion  far  beyond  the  limits  of  the  gas 

*  "  Presidential  Address,"  by  Mr.  Thos.   Douglas,  Trans.  Fed.  Inst.,  vol.  viii., 
page  240. 
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itself,  and  which,  under  favourable  circumstances,  is  capable  of  initiating 
an  explosion  in  the  entire  absence  of  fire-damp.  This  substance  is  coal- 
dust.  As  far  as  now  known,  gas  and  coal-dust  are  the  only  agents 
capable  of  producing  explosions  in  mines,  and  to  dilute  the  one  with  air 
and  to  destroy  the  other  is  the  only  method  of  rendering  them  harmless. 

The  most  explosive  mixture  of  gas  and  air  is  in  the  proportion  of  1  of 
gas  to  9-4  of  air,  and  the  least  explosive  is  1  of  gas  to  15  of  air.  "When 
more  air  is  added,  the  mixture  becomes  unexplosive,  and  therefore 
harmless  so  far  as  the  presence  of  lights  is  concerned.  Hence  the  first 
i\i|iiirement  of  every  fiery  mine  is  a  sufficient  ventilation  "to  dilute  and 
render  harmless  noxious  gases  to  such  an  extent  that  the  working-places 
of  the  shafts,  levels,  stables,  and  workings  of  the  mine  shall  be  in  a  fit 
state  for  working  and  passing  therein." 

The  ventdation  of  all  mines  of  any  extent  is  produced  by  artificial 
means — the  furnace  or  the  fan — the  principle  of  which  it  is  not  here 
necessary  to  explain.  But  there  is  one  fact  in  connexion  with  the  circu- 
lation of  large  volumes  of  air  which  the  writer  wishes  to  lay  special  stress 
upon,  namely,  the  necessity  of  good  airways.  Many  mines  are  at  a 
disadvantage  in  this  respect.  In  some  cases  the  shafts  are  too  small,  but 
oftener  it  is  the  underground  roads,  more  especially  the  return-airways. 
These  roads  are  not  usually  intended  for  haulage  or  travelling,  and  are 
allowed  to  get  into  a  bad  state.  The  sectional  area  in  many  parts  is  very 
small.  Acute  bends  are  frequent  and,  where  faults  are  met  with,  the  air 
in  many  cases  is  deflected  from  a  horizontal  to  a  vertical  course.  These 
irregularities  add  greatly  to  the  friction  of  the  air-current,  and  to  the 
power  required  to  produce  a  given  quantity  of  air. 

In  order  to  ensure  good  results,  the  sectional  area  of  the  return- 
airways  should  be  equal  to  that  of  the  intake-airways,  sharp  bends  should 
be  avoided  as  much  as  possible,  the  abruptness  of  faults  should  be 
smoothed  down,  and  the  air  should  have  as  easy  and  straight  a  road  as 
may  be  to  the  upcast  shaft. 

The  writer  has  had  the  good  fortune  to  be  connected  with  a  colliery 
where  these  conditions  have  been  observed.  The  workings  are  most 
extensive,  stretching  away  over  3  miles  from  the  shafts ;  the  ventilation 
is  by  furnaces  and  boiler-fires  ;  there  are  two  downcast  pits  14  feet  in 
diameter,  and  one  upcast  pit  of  the  same  area :  the  quantity  of  air,  as 
measured  in  the  main  intake-airways,  is  480,000  cubic  feet  per  minute : 
the  velocity  in  the  upcast  pit  is  more  than  3,000  feet  per  minute  :  this 
ventilation  is  maintained  by  a  furnace ;  and  the  water-gauge,  even  in 
winter,  never  rises  above  250  inches. 
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So  much  for  the  necessity  of  a  good  ventilation  and  the  means  of 
producing  the  same.  If  space  had  permitted,  the  writer  might  have  gone 
into  the  cuiestion  of  the  absolute  economy  of  forming  good  airways  in  a 
mine  and  shown  the  enormous  saving  of  coal  and  engine-power  under 
such  conditions,  but  he  knows  that  to  do  so  would  be  to  wander  away 
from  the  subject  of  this  essay. 

There  are  other  precautions  against  explosions  to  which  it  is  necessary 
to  refer.  The  accumulation  of  gas  in  old  workings  should  be  guarded 
against  by  a  system  of  thorough  inspection ;  where  gas  is  being  evolved  in 
old  workings  which  cannot  be  ventilated  it  should  not  be  stopped  off ; 
the  workings  should  be  placed  in  connexion  with  the  return-airways,  so 
that  the  gas  as  it  is  generated  may  expand  into  them  and  be  diluted  by 
the  current. 

The  general  and  special  rules  of  the  Coal  Mines  Regulation  Act  in 
relation  to  gas  must  be  stringently  enforced,  as  absolute  discipline  and 
obedience  to  orders  are  the  chief  factors  in  the  safe  working  of  a  colliery. 
It  is  not  necessary  here  to  repeat  the  rules  which  by  law  must  be  observed. 
They  are  fully  stated  in  the  abstract  of  the  Act  and  the  special  rales  of 
every  mine.  But,  with  reference  to  safety -lamps,  the  writer  thinks  that  in 
addition  to  being  examined  they  should  be  tested  in  coal-gas  and  air 
before  being  locked  and  sent  into  the  mine.  This  test  proves  their  safety 
and  prevents  any  part  of  the  lamp  from  being  omitted  when  it  is  being 
fitted  together  after  examination. 

It  will  not  be  amiss  at  this  point,  when  dealing  with  safety-lamps,  to 
digress  for  a  moment  and  say  a  few  words  about  fire-damp  detectors.  It 
is  hardly  necessary  to  explain  that  these  instruments  are  used  to  detect 
minute  proportions  of  gas  such  as  are  not  visible  on  the  ordinary  oil- 
flame  of  a  safety-lamp.  They  are  therefore  useful  for  ascertaining  the  pro- 
portion of  gas  present  in  the  main  return-airways  of  a  fiery  mine,  more 
especially  when  the  ventilation  is  produced  by  a  furnace  fed — as  in  the 
majority  of  cases — by  the  return  air-current.  An  ordinary  safety-lamp 
will  only  detect  gas  when  the  proportion  of  gas  in  the  current  is  2  per 
cent,  or  more,  and  when  it  is  remembered  that  it  is  unsafe  to  fire  shots 
in  a  dusty  mine  in  air  containing  2  per  cent,  of  gas,  it  will  be  seen  that 
the  systematic  use  of  a  fire-damp  detector  in  a  fiery  mine  may  in  many 
instances  reveal  hidden  dangers. 

The  writer  has  had  considerable  experience  with  fire-damp  detectors, 
at  first  with  the  Pieler  lamp  and  more  recently  with  the  Clowes  hydrogen 
gas-detector.  Both  these  instruments  have  been  described  to  and 
discussed  by  the  members  of  this  Institution,  and  are  probably  better 
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known  than  any  other  form  of  fire-damp  detector.  The  results  which 
the  writer  has  obtained  have  been  both  interesting  and  instructive. 
Periodical  tests  should  be  made  in  the  main  return-airways  with  the  gas- 
detector,  and  any  increase  in  the  percentage  of  gas  due  to  increased 
working  or  decreased  air-current  or  atmospheric  depression  is  immediately 
shown.  It  seems  probable  that,  as  fire-damp  detectors  become  better 
known,  they  will  no  Longer  be  regarded  as  scientific  toys,  seeing  that  they 
give  Buch  reliable  indications  of  the  state  of  the  return  air-currents. 

The  writer  has  already  alluded  to  that  property  of  coal-dust,  whereby 
an  explosion  may  be  extended  far  beyond  the  limits  of  the  gas.  It  is 
also  an  undoubted  fact  that  under  certain  conditions  coal-dust  mixed 
with  air  alone  will  produce  an  explosion.  These  conditions  are  seldom 
attained  except  during  the  process  of  shot-firing,  although  instances  are 
on  record  of  dust  taking  fire  on  the  screens  at  the  surface.  Nevertheless  it 
is  a  recognized  fact  that  during  shot-firing  we  have  most  to  fear  from 
coal-dust.  The  fiery  blast  from  a  shot-hole  in  the  presence  of  coal-dust  is 
increased  by  the  combustion  of  the  dust-particles,  and  where  sufficient 
dust  is  present  to  feed  the  flame  a  blast  of  explosive  violence  is  formed 
which  often  extends  for  long  distances.  "When  small  proportions  of  gas 
are  present  in  such  dust-laden  air,  the  initiation  and  extension  of  an 
explosion  is  facilitated.  The  danger  arising  from  firing  shots  in  the 
presence  of  coal-dust  has  been  recognized  by  Parliament,  and  provisions 
for  thorough  watering  in  the  vicinity  of  a  shot  are  embodied  in  the  Coal 
Mines  Regulation  Act  of  1887.  At  the  present  moment,  a  Bill  to  provide 
for  more  extensive  systems  of  watering  on  all  dry  roads  underground, 
and  other  precautions  during  blasting,  is  being  drafted  for  the  approval 
of  Parliament.  From  this  it  will  be  seen  that,  so  far  as  watering  is  con- 
cerned, all  reasonable  precautions  are  being  taken  to  prevent  accidents 
from  explosions  of  coal-dust  during  shot-firing. 

There  are  one  or  two  other  points  in  relation  to  shot-firing  which  the 
writer  will  mention  in  concluding  this  part  of  his  subject.  He  thinks 
that  too  much  care  cannot  be  exercised  in  choosing  the  officials  who  are 
to  superintend  the  firing  of  shots.  The  commonest  cause,  he  may  almost 
say  the  only  cause  of  a  dust  explosion,  is  the  occurrence  of  a  blown-out 
shot.  This  is  generally  due  to  the  injudicious  choice  of  a  shot-hole,  com- 
bined with  the  use  of  too  great  a  weight  of  explosive  and  too  short  a 
length  of  stemming.  Blown-out  shots  should  be,  as  far  as  possible, 
prevented,  and  the  sole  way  of  doing  so,  that  occurs  to  the  writer,  is  to 
employ  only  such  officials  at  this  work  as  are  thoroughly  qualified  by 
experience  and  intelligence  to  calculate  the  correct  position  of  a  shot-hole 
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and  the  weight  of  explosive  necessary  to  do  the  desired  amount  of  work. 
The  writer  ventures  to  think  that  this  is  not  always  done. 

The  last  point  in  relation  to  shot-firing  is  the  use  of  blasting-powder 
in  dusty  mines.  In  many  mines  its  use  has  been  abolished ;  in  many  more 
it  should  be  abolished.  It  produces  a  heavy  shower  of  sparks  and  flame, 
which  are  most  favourable  for  the  initiation  of  an  explosion.  Only  such 
explosives  should  be  used  as  will  give  a  minimum  of  flame,  and  devices 
for  the  extinction  of  flame  in  shot-holes  should  be  more  resorted  to. 

There  are  many  more  proposals  for  the  prevention  of  accidents  in 
mines  from  explosions  which  the  writer  might  have  dealt  with,  such  as 
the  compulsory  use  of  safety-lamps  in  all  mines,  the  abolition  of  all  under- 
ground fires,  boiler-fires;  furnace  or  otherwise,  and  the  abolition  of  blasting 
in  all  mines.  For  the  most  part  they  will  not  bear  criticism,  for  it  goes 
without  saying  that  before  abolishing  an  useful  agent  we  should  find 
something  equally  good  to  put  in  its  place. 

Falls. — In  dealing  with  the  subject  of  falls,  the  writer  knows  that  it 
is  one  with  which  we  are  all  acquainted.  It  is  a  very  frequent  occurrence 
at  every  colliery  to  have  accidents,  of  a  more  or  less  serious  nature,  from 
falls,  which  in  many  cases  involve  loss  of  life.  This  fact  is  the  more 
apparent  on  referring  to  the  statistics  of  deaths  from  various  causes, 
which  have  already  been  given.  We  find  that  38'89  per  cent,  of  the  total 
deaths  from  accidents  in  the  United  Kingdom  are  due  to  falls.  It  is  also 
worthy  of  note  by  those  employed  in  the  northern  coal-field  that  56  per 
cent,  of  the  deaths  from  accidents*  in  this  district  during  1892  were 
caused  by  falls. 

"With  these  facts  before  us,  the  subject  assumes  an  enhanced  importance, 
and  it  is  well  worth  while  considering  the  causes  and  possible  prevention 
of  this  excessive  death-rate. 

These  accidents  may  be  classed  under  three  heads  : — 
1. — Falls  of  coal. 
2. — Falls  of  roof-stone  in  face. 
3. — Falls  when  withdrawing  timber. 

1.  Falls  of  Coal. — Falls  of  coal  occur  when  the  seam  is  undercut  or 
kirved,  and  the  overhanging  portion  of  coal  is  not  sufficiently  spragged. 
The  Coal  Mines  Regulation  Act,  in  dealing  with  the  rule  for  spragging, 
says  : — •"  The  distance  between  the  sprags  or  holing-props,  where  they  are 
required,  shall  not  exceed  6  feet  or  such  less  distance  as  may  be  ordered  by 

*  "Presidential  Address,"  by  Mr.  A.  L.  Steavenson.  Trans.  Fed.  Inst.,  vol.  vi., 
page  280. 
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the  owner,  agent,  or  manager."  The  writer  thinks  that  in  this  rule  the 
words  -  where  they  are  required"  should  be  omitted.  He  considers  that 
wherever  coal  is  kirved  to  a  considerable  distance,  say  2  feet  and  above, 
and  where  the  miner  has  to  work  in  a  prone  position,  often  partially  under 
the  overhanging  coal,  sprags  should  be  compulsorily  used,  a  certain 
maximum  distance  apart  being  fixed. 

During  the  time  he  has  been  connected  with  collieries,  the  writer  has 
had  continual  experience  of  straight-face  longwall  working  where  the  coal 
was  undercut  to  a  depth  of  not  less  than  3  feet.  The  coal-seam  to  which 
he  refers  is  hard,  and  the  cleats  of  the  coal  are  in  many  places  as  far  as 
18  inches  apart.  This  coal  when  struck  with  the  pick  sounds  hard  and 
safe,  but  as  soon  as  the  hewer  has  undercut  through  to  the  cleats  it  not 
infrequently  happens  that  the  coal  breaks  off  and  would  fall  on  to  the 
workman  beneath  if  it  were  not  sufficiently  stayed  or  spragged. 

In  many  seams  backs  or  slips  occur.  These  are  somewhat  different 
from  cleats.  They  are  fractures  in  the  coal-seams,  occurring  every  few 
feet,  and  have  a  dull  black  appearance.  They  do  not  lie  at  right-angles 
to  the  floor,  but  are  sometimes  inclined  towards,  and  sometimes  from,  the 
workman.  When  inclined  towards  the  workman,  spragging  must  be  very 
carefully  and  systematically  done,  because  when  undercut  to  the  next  slip 
the  coal  is  apt  to  fall  forward  suddenly  on  to  the  workman  beneath. 

The  same  coal-seam  differs  very  much  even  at  adjoining  collieries, 
and  the  writer  favours  the  idea  of  each  manager  formulating  a  set  of 
rules  for  the  colliery  under  his  charge,  in  which  he  shall  state  the  maxi- 
mum distance  apart  at  which  sprags  shall  be  set,  and  that  in  no  case 
shall  coal  remain  uuspragged. 

Even  with  the  greatest  precautions  and  the  strictest  discipline  acci- 
dents frequently  happen,  due  solely  to  the  carelessness  of  the  workmen.  A 
case  of  this  kind  occurred  under  the  writer's  observation  a  year  or  twro 
ago  in  a  coal-seam  which  was  divided  by  a  dirt-parting  18  inches  from 
the  top  of  the  seam.  The  men  were  not  allowed  to  work  the  two  sections 
of  the  seam  separately,  because  accidents  had  previously  happened 
owing  to  the  workmen  neglecting  to  timber  the  top  coal.  Iu  the  case 
referred  to,  the  workman  had,  despite  the  protestations  Jof  his  fellow  who 
was  working  with  him,  first  worked  out  the  bottom  section  of  the  seam, 
with  the  result  that  the  top  coal  fell  away  and  killed  him.  This  accident 
should  never  have  occurred,  and  the  workman  came  to  his  death  by  his 
own  imprudence.     For  such  cases  as  this  we  cannot  legislate. 

•1.  Foil*  of  Stone. — Falls  of  stone  in  the  face  occur  when  the  support 
afforded  by  the  coal  is  removed  and  a  sufficiency  of  timber  is  not  set. 
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The  roof  or  cover  of  all  coal-seams  differs  much,  and  all  roofs  require 
more  or  less  timbering.  In  some  seams  the  roof  requires  support  as  soon 
as  the  coal  has  been  extracted  for  a  very  short  distance  ;  in  others  the 
stone  is  coherent,  and  will  allow  the  miner  to  proceed  for  several  feet 
before  setting  any  timber.  It  is  a  notorious  fact  that  practically  all  the 
accidents  from  falls  of  roof  occur  under  good  stone,  which  points  to  the 
fact  that  stone,  however  good,  is  not  to  be  trusted.  Even  under  a  firm 
shale  or  blue  metal  roof  we  occasionally  meet  with  slippery  partings  and 
cauldron  bottoms,  and  these  are  probably  the  worst  enemies  which  the 
miner  has.  Without  a  word  of  warning  they  drop  out,  and  generally 
they  are  of  such  a  size  as  to  kill  or  permanently  injure  the  unfortunate 
workman  beneath.  Under  a  sandstone  roof,  which  is  generally  the 
safest  of  all  roofs,  we  not  infrequently  have  coal-pipes  or  partings  only 
dangerous  in  a  lesser  degree  than  the  cauldron  bottom. 

We  are  commanded  by  general  rule  21  of  the  Coal  Mines  Regulation 
Act  to  make  the  roof  and  sides  of  every  travelling-road  and  working- 
place  secure,  and  to  the  best  of  our  knowledge  this  is  done ;  but  unfor- 
tunately our  knowledge  is  sometimes  at  fault,  and  consequently  we  have 
accidents  occurring  in  places  which  we  thought  to  be  absolutely  safe. 
What  remedy  can  we  apply  to  this  state  of  things  ?  This  question  has 
been  often  asked,  but  not  many  answers  have  been  vouchsafed  to  it.  We  are 
told  that  the  ordinary  safety-lamp  does  not  give  sufficient  light  to  allow 
of  the  miner  discovering  the  joints  which  traverse  the  roof  of  all  coal-seams. 
The  writer  thinks  that  to  a  great  extent  this  is  true,  and  that  too  much 
attention  has  been  given  to  providing  a  lamp  which  will  be  safe  in 
explosive  currents,  which  are  seldom,  if  ever,  met  with  in  mines,  and 
that  too  little  attention  has  been  given  to  the  improvement  of  the  lumin- 
ous power  of  the  lamp,  which  is  a  very  important  matter. 

We  certainly  need  more  fight  in  mines,  but  with  the  present  system 
of  oil  safety-lamps  any  improvement  appears  to  be  impossible.  A  larger 
flame  inside  a  safety-lamp  would  unduly  heat  the  gauze  or  maybe  crack 
the  glass.  Besides,  the  ordinary  flame  inside  a  safety-lamp  is  often 
partially  hidden  by  the  gauze  completely  surrounding  the  flame,  this 
being  an  additional  precaution  against  gas  and,  even  in  lamps  of  the 
Marsaut  type,  the  air  to  feed  the  flame  has  to  pass  through  two  and 
sometimes  three  gauzes,  which  during  the  course  of  a  shift  often  become 
clogged  with  dust-particles.  There  only  remains  for  us  the  electric 
light  :  burning  as  it  does  in  a  vacuum,  it  is  not  affected  by  the  outside 
conditions,  and  a  greatly  improved  light  is  given.  The  great  objection 
to  its  use.  seems  to  be  that  it  does  not  indicate  the  state  of  the  air  which 


10  THK    PREVENTION   OF   ACCIDENTS   IN   MINES. 

the  miner  is  breathing.  This  is  certainly  a  drawback,  but  one  which 
doubtless  may  be  remedied  in  the  future.  If  the  electric  light  could  be 
combined  in  a  portable  form  with  a  gas-detector  the  acme  of  success  in 
the  lighting  of  mines  would  have  been  attained.  It  is  for  those  who  are 
interested  in  the  safe  working  of  collieries  to  solve  this  problem. 

Referring  again  to  the  fact  that  accidents  occur  most  frequently  under 
good  stone,  it  has  been  proposed  as  a  remedy  that  all  working-places  be 
timbered,  a  maximum  distance  being  fixed  at  which  the  timber  shall  be 
set.  This  rule  would  no  doubt  entail  considerable  extra  cost  both  in 
material  and  labour,  but  it  is  obviously  the  nearest  approach  to  a  solution 
of  the  difficulty  which  has  been  proposed.  Many  owners  oppose  it, 
because  of  the  extra  cost  incurred,  and  in  these  days  of  coal-trade 
depression  costs  must  be  carefully  watched.  Nevertheless  these  accidents 
occur,  and  we  should  do  our  best  to  prevent  them. 

While  busy  with  the  subject  of  this  essay,  the  writer  was  startled  by 
an  accident  which  has  a  bearing  on  this  part  of  the  subject,  and  which 
partly  explains  why  he  has  ventured  to  touch  on  the  question  of 
compulsory  timbering.  The  accident  referred  to  occurred  in  a  district  of 
a  coal-seam  where  the  stone  was  considered  to  be  exceptionally  good. 
The  cover  was  blue  metal,  or  shale  of  a  very  tenacious  kind,  and  great 
difficulty  was  experienced  in  wedging  down  the  stone  to  make  height  in  the 
main  roads.  The  accident  happened  to  a  coal-hewer  ;  while  he  w7as  work- 
ing at  the  face  a  stone  weighing  4  tons  fell  out  and  killed  him.  The  stone 
was  '1  feet  thick  and  over  6  feet  in  diameter,  being  of  a  perfect  saucer-shape, 
and  extremely  slippery  on  its  upper  surfaces.  As  may  be  imagined,  it 
sounded  quite  hard  and  safe  and  gave  no  warning  of  its  fall.  How  are 
we  to  prevent  accidents  of  this  kind  ?  In  the  absence  of  any  other 
suggestion,  the  writer  thinks  that  recourse  must  be  had  to  a  system  of 
compulsory  timbering  at  the  working-faces.  Where  the  stone  is  excep- 
tionally good,  the  timber  will  nearly  all  be  recovered  and  may  be  used 
over  and  over  again,  so  that  the  increased  cost  would  not  be  so  great  as 
may  be  at  first  imagined. 

The  writer  offers  this  opinion  on  the  subject  of  compulsory  timbering, 
fully  expecting  that  it  will  be  adversely  criticized  by  many  practical 
engineers,  but  he  would  remind  them  that  the  subject  of  this  essay  is  the 
prevention  of  accidents,  and  he  has  indicated  what  appears  to  be  the  nearest 
approach  to  a  remedy  for  the  many  accidents  caused  by  falls  of  stone. 

Before  leaving  this  part  of  the  subject,  reference  must  be  made  to  the 
prevalence  of  accidents  from  falls  of  side  or  side-wavers.  To  those 
unaccustomed  to  the  technical  terms  of  the  North  of  England  coal-field, 
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the  writer  may  say  that  side-wavers  are  clue  to  stone  projecting  over  the 
top  of  the  coal-seam  in  waggonways  and  other  main  roads,  after  the  top 
canch  or  ripping  has  been  taken  down.  It  often  happens  that  in  such  roads 
the  top  stone  is  only  taken  down  in  the  middle  of  the  road,  of  a  sufficient 
width  to  allow  of  the  passage  of  the  horses  and  tubs.  The  stone  at 
either  side  is  left  more  or  less  unsupported,  and  in  course  of  time, 
through  being  exposed  to  the  air,  is  fractured  along  a  line  immediately 
over  the  coal-seam  into  which  the  air  cannot  penetrate  to  any  depth. 
"When  the  pillars  of  coal  are  being  worked,  and  the  coal  at  this  particular 
point  is  in  course  of  removal,  this  fractured  stone  or  side-waver  falls,  very 
often  with  fatal  results.  To  prevent  such  occurrences  the  top  canch  or 
ripping  should  be  taken  down,  in  the  first  instance,  to  the  coal-wall  side. 
Side  canches  should  be  scrupulously  avoided,  as  they  are  extremely 
dangerous,  in  fact  where  height  must  be  made,  and  both  top  and  bottom 
are  equally  favourable,  it  is  better  to  take  up  bottom  stone,  and  thus 
avoid  any  danger  whatever  from  the  side  top  canch. 

3.  Falls  when  Withdrawing  Timber. — Accidents  from  this  cause  are 
deplorably  common,  and  the  writer  cannot  foresee  that  much  improve- 
ment will  be  made  in  the  direction  of  safety.  It  goes  without  saying, 
that  the  most  experienced  workmen  should  be  employed  at  this  work,  and 
when  this  is  done,  it  is  easy  for  us  to  recall  accidents  to  the  most  careful 
workman  while  withdrawing  timber.  At  one  accident,  which  occurred 
under  the  writer's  notice,  it  was  suggested  by  H.M.  Inspector  of  Mines 
that  the  workmen  should  have  set  some  timber  to  protect  themselves  as 
they  came  ont-bye.  This  is  a  good  suggestion,  as  it  decreases  the 
liability  of  a  stone  falling  suddenly.  To  some  extent,  it  is  an  argument 
in  favour  of  compulsory  timbering,  because  in  such  a  case  the  timber 
would  be  already  set,  and  when  being  withdrawn  there  would  not  be  the 
same  chance  of  the  stone  breaking  over  the  thickly-set  timber  under 
protection  of  which  the  miners  are  working.  Under  any  conditions  the 
work  is  extremely  dangerous,  and  too  much  care  cannot  be  exercised  in 
carrying  it  out. 

Shaft  Accidents. — The  shafts  of  a  colliery  are  the  sole  outlets  for  all 
the  mineral  produced  and  are  also  the  only  means  by  which  we  may  enter 
or  leave  the  mine.  They  are  converted  by  means  of  conductors  or  guides 
into  what  may  be  called  a  vertical  railway  in  which  cages  run ;  and  con- 
sidering the  enormous  distance  traversed  by  such  cages  in  each  day,  the 
speed  of  winding,  and  the  frequency  with  which  the  motion  of  the  cages 
has  to  be  reversed,  the  writer  feels  that  he  may  safely  say  that  accidents 
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do  not  frequently  happen.  This  much  at  least  we  may  assert,  that  in  no 
branch  of  mining  engineering  has  the  improvement  of  recent  years  been 
m«  ire  rapid  t  ban  in  the  condition  of  the  winding  tackle.  And  this  improve- 
ment has  been  reflected  in  the  diminution  of  accidents  in  shafts.  Never- 
theless, we  still  have  occasional  mishaps — as  is  seen  by  the  fact  that  during 
the  year  1893  there  were  103  accidents  of  this  class  in  the  United 
Kingdom,  or  9"70  per  cent,  of  the  total  number  of  accidents  in  mines. 
The  writer  proposes  to  briefly  review  the  chief  causes  of  these  accidents 
and  to  make  what  remarks  occur  to  him  on  their  prevention. 

The  first  cause  of  shaft  accidents  which  occurs  to  the  writer  is  the 
breaking  of  the  winding-rope.  This  does  not  happen  so  frequently  as  in 
former  years,  in  fact  it  is  a  class  of  accident  which  happily  seldom  occurs 
nowadays.  The  introduction  of  steel  wire-ropes  is  mainly  responsible  for 
this  improved  state  of  things.  The  first  essential  of  a  good  rope  is  that 
it  should  be  of  uniform  quality  and  strength,  and  this  is  the  leading 
feature  of  the  steel  wire-rope.  A  very  high  state  of  perfection  has  been 
reached  in  their  manufacture,  and  ropes  can  now  be  obtained  which  for 
quality  and  workmanship  leave  nothing  to  be  desired.  When  ropes  do 
break  it  is  generally  found  that  corrosion  has  occurred  inside  the  rope 
and  has  weakened  the  inside  wires,  without  being  visible  by  external 
examination.  A  case  occurs  to  the  writer's  mind  of  an  accident  which 
happened  under  exactly  these  conditions.  The  rope  in  question  was  made 
by  a  well-known  firm.  An  external  examination  revealed  no  broken 
wires  or  other  defects,  but  it  was  found  that  at  the  point  of  fracture  the 
wires  of  the  rope  were  internally  corroded  and  capable  of  bearing  only  a 
moderate  strain.  Probably  the  only  precautions  to  be  used  in  such  a  case 
would  be  not  to  allow  the  winding-rope  to  be  used  for  too  prolonged  a 
period,  and  they  should  be  frequently  changed.  In  many  instances  the  old 
winding-rope  might  be  used  in  drop-staples  where  men  do  not  generally 
ride,  or  possibly  in  these  days  of  auxiliary  haulage  for  hauling  up  a  short 
dip  drift.  In  any  case  they  should  be  changed  at  stated  periods  inde- 
pendently of  the  work  which  they  have  done,  because  it  is  a  fact  that  the 
weather  often  does  more  damage  to  the  rope  than  the  actual  strain  of 
winding  coals.  Therefore,  when  in  use,  the  rope  should  be  as  far  as 
possible  protected  from  the  weather. 

Another  point  in  connexion  with  the  proper  usage  of  ropes  is  that, 
when  not  in  use,  the  cages  should  not  be  always  allowed  to  hang  at 
precisely  the  same  place  in  the  shaft,  because  in  such  a  case  one  particular 
portion  of  the  rope  is  always  lying  on  the  pulley,  being  thus  continually 
exposed  to  the  weather,  and  unduly  strained  owing  to  its  curvature  over 
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the  pulley.  The  writer  has  often  noticed  that  generally  each  engineman, 
when  taking  the  cage  bye,  works  his  engine  a  certain  number  of  revolu- 
tions, which  number  he  never  varies,  with  the  result  that  in  many  cases 
the  same  portion  of  the  rope  is  being  exposed  to  the  weather,  a  state  of 
things  which  must  deteriorate  the  rope  more  rapidly  at  that  point.  The 
engineer  of  the  colliery  should  periodically  vary  the  position  at  which  the 
cage  shall  hang  in  the  shaft,  so  as  to  avoid  unfair  treatment  to  any  one 
portion  of  the  rope.  Another  commendable  practice,  which  many  mining 
engineers  follow,  is  to  frequently  re-cap  the  rope,  and  by  so  doing  the 
portion  of  the  rope  where  the  greatest  strain  takes  place  is  removed,  and 
the  internal  condition  of  the  rope  ascertained. 

In  reference  to  the  other  sources  of  accidents  in  winding  shafts, 
mention  may  be  made  of  overwinding  and  mistaken  signals.  To  prevent 
accidents  from  overwinding,  it  is  best  to  fit  the  rope  with  a  detaching- 
hook  and  to  keep  it  in  good  order  by  oiling  and  cleaning  at  more  frequent 
intervals  than  are  stated  in  the  special  rules.  The  pulleys  should  also  be 
at  a  good  height,  so  that  there  may  be  from  15  to  20  feet  of  space 
between  the  pulleys  and  the  cage-chains.  Many  old  collieries  are  at  a 
disadvantage  in  this  respect,  and  consequently  a  detaching-hook  is  abso- 
lutely necessary.  The  writer  knows  of  one  colliery  where  there  is  only 
3  feet  of  space  between  the  detaching-hook  when  the  cage  is  at  bank  and 
the  ring  to  which  the  rope  is  detached.  Under  such  conditions  it  is 
impossible  to  avoid  occasional  stoppages,  but  serious  accidents  seldom 
happen,  which  speaks  volumes  for  the  efficiency  of  that  detaching-hook. 

As  to  accidents  from  mistaken  signals,  which  occasionally  happen,  all 
reasonable  precautions  for  their  prevention  are  stated  in  the  sjDecial  rules 
of  every  colliery.  It  seems  probable  that  this  class  of  accident  will  never 
entirely  disappear  because  it  is  only  human  to  make  mistakes.  Perhaps 
the  commonest  accident  of  this  class  is  caused  by  the  engineman  taking 
the  cage  away  while  men  are  getting  into  it.  On  investigating  such 
cases,  it  would  seem  that  the  old-fashioned  rapper  is  the  safest  means  of 
transmitting  signals,  as  it  is  not  so  liable  to  go  wrong  as  the  electric  bell. 
A  very  safe  method  of  lowering  and  raising  men  is  in  use  at  a  large 
colliery  with  which  the  writer  is  connected.  At  this  place  a  special  pit  is 
set  aside  for  the  purpose  of  riding  the  workpeople,  and  is  fitted  with  one 
large  cage  of  two  decks,  capable  of  carrying  24  persons.  Each  deck  is 
6  feet  in  height,  so  that  the  workmen  can  stand  upright,  and  the  decks  are 
entirely  enclosed  with  sheet  iron  and  fitted  with  doors.  A  guard  or  con- 
ductor continually  travels  with  the  cage,  and  he  has  entire  charge  of  the 
signals.    The  special  feature  of  the  arrangement  is  the  method  of  electric 
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signalling.  By  means  of  a  copper  cable  running  from  the  top  to  the 
bottom  of  the  shaft,  and  passing  vertically  through  the  cage,  signals  can 
be  transmitted  from  the  cage  to  the  engine-house.  By  such  an  arrange- 
ment the  workmen  are  all  in  the  cage,  and  closed  in  by  doors  before  the 
signal  is  given  to  the  engineman,  and  this  signal  is  always  given  by  the 
o-uard,  who  has  entire  charge.  By  means  of  batteries  at  the  different 
scams,  signals  can  be  given  from  each  seam  to  the  cage  which  may  be 
running  in  the  shaft  in  order  to  let  the  guard  know  at  what  seam  work- 
men are  waiting  to  ascend.  No  signal  can  be  given  to  the  engineman 
except  by  the  guard.  At  each  seam  there  are  two  stages  or  platforms,  so 
that  the  loading  or  unloading  of  the  cage  goes  on  simultaneously  at  both 
decks,  thus  avoiding  the  necessity  of  moving  up  the  cage,  which  is  a 
frequent  cause  of  accident.  Should  anything  go  wrong  with  the  cage 
when  running  in  the  shaft  it  can  be  instantly  stopped  by  the  occupants. 
This  arrangement  the  writer  considers  to  be  a  very  excellent  one.  As 
will  be  readily  seen,  the  men  must  be  inside  the  cage  before  it  is  possible 
to  signal  it  away.  A  heavy  counterbalance  also  runs  in  the  pit  to  give  an 
uniform  load  and  to  steady  the  motion  of  the  cage.  The  rope  is  pro- 
vided with  a  detaching-hook,  and  the  distance  between  the  hook  and  the 
detaching-ring  is  10  feet.  The  writer  gives  details  of  this  arrangement, 
not  only  because  of  its  safety,  but  because  it  is  little  known  and  therefore 
not  much  used. 

The  greatest  number  of  shaft-accidents  occur  in  sinking-pits,  as  might 
be  anticipated.  The  debris  is  wound  in  kibbles  generally  without  guides ; 
the  sides  are  unwalled  for  long  distances  ;  there  is  no  protection  to  the 
sinkers  in  the  bottom  if  anything  falls  from  the  sides,  from  the  ascending 
kibble,  or  from  the  bank.  Great  care,  of  course,  is  always  taken  to  steady 
the  kibble  before  moving  it  away  from  the  bottom  of  the  pit,  and  to  clean 
all  loose  stones  from  the  sides  and  bottom  of  the  kibble  ;  also  never  to 
fully  load  it ;  and  the  sides  of  the  pit  also  are  timbered  where  the  stone 
is  not  good.  The  greatest  danger  lies  in  things  falling  from  the  surface, 
consequently  the  pit-top  must  be  well  covered.  An  approved  arrangement 
nowadays  is  to  use  a  sliding-trolley,  which  runs  upon  rails  and  balks  laid 
across  the  top  of  the  pit.  "What  the  writer  believes  to  be  a  safer  arrange- 
ment than  this  is  the  Galloway  folding-door.  These  folding-doors  are  at 
r  being  used  at  a  sinking-pit  which  the  writer  has  recently  visited, 
and  he  thinks  their  merits  deserve  a  little  mention.  A  pair  of  strongly- 
hinged  doors  are  fixed  across  the  top  of  the  pit,  and  they  work  in  a  stout 
framework.  By  means  of  an  arrangement  of  weighted  levers  these  doors 
can  be  opened  and  shut  as  required  when  debris  or  water  is- being  drawn. 
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The  advantage  which  they  have  over  the  trolley  is  the  rapidity  with 
which  they  can  be  shut.  In  case  of  the  kibble  being  overwound,  the 
doors  can  be  shut  in  a  sufficiently  short  time  to  prevent  danger  to  the 
men  in  the  shaft  from  anything  falling  down.  Where  the  trolley  is  used 
it  is  very  questionable  whether  this  could  be  done.  Of  course  in  all 
sinking-pits  it  is  best  to  use  a  detaching-hook,  and  thus  reduce  the 
probability  of  accidents  from  overwinding. 

Explosives  and  Suffocation. — The  number  of  deaths  occurring  from 
these  causes  is  very  small,  amounting,  as  will  be  seen  from  official  statistics, 
to  less  than  3  per  cent,  of  the  total.  The  writer  does  not  therefore  intend 
to  deal  with  the  subject  in  detail,  but  confines  himself  to  one  or  two  of  its 
more  important  phases.  The  Coal  Mines  Regulation  Act  and  the  special 
rules  give  detailed  instructions  for  the  prevention  of  accidents  from 
shot-firing,  and  the  enforcement  of  these  rules  has  doubtless  prevented 
many  accidents. 

There  is  only  one  addition  required  to  these  very  excellent  rules  to 
make  them  perfect,  and  that  is  a  rule  declaring  shot-firing  by 
electricity  compulsory.  This  may  seem  to  many  engineers  a  needless 
expense  ;  but  when  we  remember  that  all  shot-firing  accidents  occur 
when  lighting  the  fuze,  or  when  examining  a  shot  that  has  missed 
fire,  we  cannot  but  come  to  the  conclusion  that  the  introduction  of  a 
shot-firing  agent  which  entirely  removes  these  dangers  should  be  made 
compulsory.  In  firing  by  electricity,  the  workman  is  removed  from  100 
to  150  feet  from  the  shot  at  the  time  that  he  fires  it.  If  it  should  happen 
to  miss-fire,  he  can  disconnect  the  wires  from  the  battery  and  at  once 
examine  the  spot  without  danger  ;  and  added  to  this,  is  the  fact  that  no 
unlocking  of  a  safety-lamp  is  required.  Nowadays,  small  batteries 
suitable  for  such  work  can  be  obtained  at  moderate  cost,  so  that  any 
expense  incurred  in  their  purchase  and  working  would  be  inconsiderable 
when  compared  with  the  increased  conditions  of  safety  which  had  been 
obtained. 

Suffocation  by  gases  has  in  former  years  been  the  cause  of  many 
accidents.  Sometimes  a  thoughtless  workman  has  descended  an  old 
shaft  or  disused  staple,  and  has  been  overcome  by  the  stythe  or  carbonic 
acid  gas  accumulated  therein.  At  other  times  an  unexpected  holing  into 
old  unventilated  workings  has  liberated  noxious  gases,  which  have 
suffocated  the  unfortunate  workman.  Even  where  a  borehole  has  been 
kept  in  advance,  accidents  have  of  recent  years  happened  by  neglecting 
to  have  the  necessary  appliances  for  preventing  the  inrush  of  gas  and  water 
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when  holing.  It  would  be  going  over  well-known  ground  to  review  in 
detail  the  precautions  to  be  used  in  such  cases,  but  a  word  or  two  will  not 
be  out  of  place. 

It  is  prudent  to  lower  a  light  before  descending  any  old  shaft  or  staple 
which  is  unventilated.  If  the  light  be  extinguished,  the  air  is  foul  and 
needs  renewing.  A  few  buckets  of  water  will  generally  be  sufficient  to 
do  this.  Water  acts  as  an  absorbent  of  the  carbonic  acid  gas.  Two  or 
three  shovelfuls  of  slaked  lime  will  do  even  better  than  water,  as  slaked 
lime  absorbs  carbonic  acid  gas  with  great  avidity.  If,  after  these 
precautions,  the  light  continues  to  burn  when  lowered,  the  workmen  may 
then  safely  descend. 

When  approaching  workings  likely  to  contain  gas  and  water,  we  are 
told  by  the  Coal  Mines  Eegulation  Act  that  the  workings  approaching 
that  place  shall  not  exceed  8  feet  in  width,  and  that  sufficient  boreholes 
shall  be  kept  in  advance.  It  is  best  to  drive  two  places  well  in  front, 
and  to  connect  these  by  frequent  holings.  It  is  also  prudent  to  have, 
when  possible,  an  energetic  ventilation,  so  that  when  a  holing  is  made 
the  workmen  are  not  so  liable  to  be  overcome  by  the  sudden  rush  of  gas 
which  often  precedes  the  water.  Wooden  plugs,  suitable  for  stopping  the 
hole,  should  be  provided,  and  safety-lamps  should  alone  be  used.  One 
or  two  spare  safety-lamps  should  be  constantly  kept  hanging  a  few  feet 
back  from  the  face  to  be  used  in  case  of  accidents  to  the  lamps  in  the 
face  when  the  holing  is  made.  When  boring  against  high  pressures  of 
water  it  is  best  to  bore  through  a  sluice-valve  fixed  in  a  pipe  at  the 
entrance  to  the  borehole.  In  case  of  holing,  the  valve  can  be  turned  and 
the  flow  of  water  or  gas  stopped.  Quite  recently  the  Burnside  coal 
boring-machine  and  sluice-valve  combined  has  been  introduced  for  this 
work,  and  the  writer  believes  that  it  has  given  very  excellent  results. 

Tubs  or  Engine-planes. — A  considerable  number  of  accidents  happen 
from  these  causes,  amounting  to  nearly  12  per  cent,  of  the  total.  The 
writer  thinks  that  carelessness  and  sheer  recklessness  is  responsible 
for  most  of  these  accidents.  This  is  probably  due  to  the  fact  that  nearly 
all  the  persons  employed  in  the  moving  of  tubs  are  boys,  and  therefore 
naturally  reckless.  In  almost  every  accident  which  has  been  caused  by 
tubs,  the  poor  fellow  has  been  the  victim  of  his  own  recklessness.  A 
common  form  of  accident,  for  instance,  is  caused  by  riding  on  sets  of 
tubs  hauled  by  engine-power  and  jumping  on  and  off  the  tubs  while  in 
motion.  This,  of  course,  is  extremely  dangerous,  and  is  a  breach  of  the 
special  rules,  but  it  is  often  done,  with  more  or  less  fatal  results.    The 
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most  constant  vigilance  on  the  part  of  the  officials  should  be  directed 
towards  stopping  this  practice,  and  whenever  any  one  is  found  doing  so 
he  should  be  most  severely  punished.  People  must  be  prevented  from 
committing  suicide,  and  much  of  the  Coal  Mines  Regulation  Act  is 
framed  for  that  purpose. 

Another  class  of  accident  on  engine-planes  is  caused  by  winch-handles. 
The  engineman  by  some  mistake  moves  his  engine  at  the  same  time  as 
the  boy  is  pulling  a  rope  with  the  winch.  The  result  is  that  the  motion 
of  the  winch  is  suddenly  reversed,  and  the  handle  flying  round  with 
great  velocity  very  often  strikes  the  boy  on  the  head,  with  fatal  results. 
A  pawl  should  be  fitted  on  to  each  winch,  and  it  should  always  be  put 
over  before  the  handle  is  turned,  but  wherever  accidents  have  occurred  it 
has  been  found  that  the  boy  has  neglected  to  use  the  pawl.  Too  much 
discipline  cannot  be  exercised  to  make  the  boys  use  this  simple  pre- 
caution. 

Tubs  sometimes  run  amain  on  self-acting  inclines  and  other  steep 
places.  At  all  such  places  stop-blocks,  runaway  switches,  and  drags  are 
placed,  or  if  not  should  be  provided  to  stop  this  running  amain,  but 
when  these  are  not  used  accidents  occur.  It  is  generally  by  not  using 
the  arrangements  provided  that  accidents  from  this  cause  also  happen. 
The  writer  can  only  advise  officials  to  use  the  strictest  discipline  in  all 
these  cases,  and  to  dismiss  all  persons  who  are  found  neglecting  to  use 
the  apparatus  provided  for  saving  life. 

On  horse-roads  also  we  sometimes  have  accidents.  Drivers  of  ponies 
get  fast  between  the  tub  and  the  side,  or  the  tub  and  the  roof,  and  are 
crushed.  In  mining  operations,  in  thin  coal-seams  especially,  the  roads 
are  unavoidably  low  and  small.  We  make  our  main  roads  spacious  and 
large  in  every  way,  but  for  economic  reasons  we  cannot  pretend  to  make 
the  temporary  branch-roads  of  such  large  dimensions.  In  such  places, 
the  driver  or  pony-putter  has  to  crouch  down  on  the  limbers  in  order  to 
be  safe.  Occasionally  he  forgets  to  do  so  and,  raising  his  head,  receives 
an  injury.  This  appears  to  be  one  of  the  permanent  dangers  attendant 
on  mining  operations. 

Accidents  on  the  Surface. — It  might  be  said  that  accidents  on  the 
surface  about  mines  do  not  properly  belong  to  this  subject  as  they  do  not 
occur  in  the  mine  itself,  but  as  they  are  included  in  the  statistics  of 
accidents  already  given,  the  writer  will  simply  mention  them.  The 
number  of  accidents  occurring  on  the  surface  is  in  itself  very  considerable, 
amounting,  in  the  year  1893,  to  11*32  per  cent,  of  the  total.     As  might 
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be  imagined,  the  greater  number  of  these  occur  on  and  about  the  sidings 
of  the  pit.  The  traffic  of  the  locomotives  removing  the  mineral  from  the 
sidings,  and  the  shunting  and  lowering  of  waggons  under  the  screens 
necessarily  cause  an  element  of  danger  which  cannot  be  avoided.  Many- 
people  have  been  killed  by  being  crushed  between  a  waggon  and  a  pillar  or 
stay  while  lowering  waggons  to  the  screens.  Precautions  are  being  taken 
to  remedy  this  class  of  accident  in  many  places  by  the  removal  of  these 
supports,  the  screens  being  suspended  by  strong  steel-girders.  These 
girders,  although  they  have  a  long  span,  do  not  need  any  central  stay  or 
support,  and  therefore  leave  the  space  between  the  lines  of  way  perfectly 
clear. 

Other  accidents  on  the  surface  are  of  a  very  miscellaneous  kind — falls 
from  scaffolding,  blood  poisoning  from  wounds,  etc.  The  writer  does 
not  propose  to  remark  upon  them,  as  they  appear  to  be  accidents  which 
cannot  altogether  be  avoided. 

The  writer  has  briefly  dealt  with  the  commonest  forms  of  accidents, 
and  has  endeavoured  to  give  the  results  of  the  experience  of  practical 
men  on  their  prevention.  He  has  written  as  a  student  for  students,  and 
has  relied  almost  entirely  on  the  knowledge  which  practical  experience 
and  observation  have  afforded  him.  He  has  avoided  descriptions  of 
any  instrument  or  machine  for  the  prevention  of  accidents,  such 
as  can  be  found  in  text-books,  in  the  belief  that  this  was  not  the 
information  desired  by  the  promoters  of  the  present  essay.  He  concludes 
with  the  hope  that  these  pages  on  this  most  important  subject  will  be 
received  in  an  indulgent  spirit,  as  coming  from  one  who  is  as  yet  but  a 
novice  in  the  great  profession  of  mining  engineering. 


Mr.  Thos.  Douglas  (President  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers),  then  took  the  chair,  and  said  that  he  had 
wished  to  be  present  at  the  first  Students'  Meeting  held  in  connexion  with 
The  Federated  Institution  of  Mining  Engineers.  When  he  served  his 
apprenticeship,  in  1845,  the  students  could  imagine  how  difficult  it  was 
for  a  young  man  to  obtain  information.  At  that  time  no  facilities  were 
afforded  for  visits  to  collieries  which  were  now  so  freely  accorded.  While 
now,  they  had  the  advantages  which  he  had  detailed  in  his  recent  pre- 
sidential address  to  the  members  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers.    He  had  always  endeavoured,  as  far  as 
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he  had  the  opportunity,  to  give  his  students  towards  the  end  of  their 
apprenticeship  some  amount  of  charge,  even  though  they  might  not  be 
remunerated  for  it.  This  was  not  done  when  he  was  an  apprentice,  but 
he  was  sure  he  was  speaking  to  many  students,  drawing  near  the  end  of 
their  apprenticeship,  who  would  agree  with  him  that  a  little  responsibility 
placed  upon  them  would  be  very  valuable  in  giving  them  practical  experi- 
ence in  their  profession. 

There  were  many  details  of  colliery  management  which  could  be  made 
the  subject  of  legislative  enactment,  but  those  interested  in  the  manage- 
ment of  mines  must  use  their  individual  intelligence  in  formulating  ordinary 
working  detailed  arrangements.  The  Legislature  could  not  (and  it  was  not 
desirable  that  it  should)  particularize  in  detail  what  the  manager  should 
do  under  the  variety  of  circumstances  which  occurred  in  individual  mines. 

He  was  glad  to  see  that  Mr.  Kirkup  had  written  a  very  useful  paper 
upon  "  The  Prevention  of  Accidents  in  Mines,"  and  he  ventured  to  think 
that  Mr.  Kirkup  had  acquired  a  considerable  amount  of  information  in 
his  preliminary  studies. 

He  felt  anxious  that  the  first  meeting  of  students  should  be  successful, 
and  he  hoped  that  it  would  prove  of  value  and  lead  to  further  meetings. 

Mr.  H.  E.  Mitton  said  that  the  death  rate  from  explosions  from  L882 
to  1893  in  the  Midland  inspection  district  was  0'6  per  1,000  persons 
employed  per  annum,  and  considering  that  over  21,000,000  tons  were 
raised  per  annum,  this  showed  the  improved  conditions  of  working 
prevailing  in  that  district.  Mr.  Kirkup  referred  to  collieries  ventilated 
by  a  furnace,  in  which  the  quantity  of  air,  as  measured  in  the  main 
intake-airways,  was  480,000  cubic  feet  per  minute.  But  he  had  not 
mentioned  the  depth  of  the  pit. 

Mr.  Kiekup — 1,500  feet. 

Mr.  Mitton,  continuing,  said  with  regard  to  testing  lamps,  he  was 
acquainted  with  a  colliery  where  there  was  a  safety-lamp  testing-box  in 
the  lamp-cabin,  and  before  any  lamp  was  sent  into  the  mine  it  was  tested 
with  gas.  and  any  defect  at  once  discovered.  He  thought  that  it  was  a  bad 
principle  in  mines  ventilated  by  furnaces,  especially  in  fiery  mines,  to 
allow  the  return  air-current  to  pass  over  the  furnace.  He  suggested  that 
a  dumb-drift  should  be  used.  He  did  not  see  how  blasting-powder  could 
be  dispensed  with  in  mines,  until  something  could  be  found  to  take  its 
place  which  had  not  the  shattering  effect  of  the  high  explosives.  He 
agreed  with  Mr.  Kirkup  in  his  remarks  about  compulsory  spragging  ;  the 
words   "  where  they  are  required "   should  certainly   be   omitted   from 
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general  rule  22.  Mr.  Kirkup  had  omitted  to  mention  the  use  of 
reflectors  as  a  method  of  increasing  the  light  of  safety-lamps  when 
examining  the  roof  and  sides.  A  Marsaut  lamp  used  by  Mr.  A.  H. 
Stokes  had  a  flat  wick  (y7^  inch  wide),  burning  colza  oil,  and  comparing 
it  with  the  standard  candle  without  a  reflector,  the  illuminating-power 
was  shown  to  be  0*47  of  a  standard  candle ;  with  a  white  enamelled 
reflector  it  was  increased  to  0'94,  showing  the  great  advantage  due  to  the 
use  of  the  reflector.  There  was  a  special  rule  in  Derbyshire  with  regard 
to  drawing  timber,  enforcing  the  use  of  a  "  ringer  and  chain  "  ;  and  he 
thought  no  timber  should  be  drawn  without  it.  It  was  an  excellent  rule 
not  to  allow  the  cage,  when  at  rest,  to  hang  in  the  same  spot, 
especially  when  head-stocks  were  uncovered.  He  (Mr.  Mitton)  thought 
that  every  mine  should  adopt  the  use  of  detaching-hooks  whether  there 
were  3  or  20  feet  between  the  pulley  and  the  cage-chains.  And  in  addi- 
tion to  detaching-hooks,  he  suggested  that  a  pair  of  props  or  keps,  similar 
to  those  used  for  resting  the  cage  on  the  bank,  might  be  fixed  in  the 
head-stocks  in  such  a  position  that  if  the  key-plate  of  the  detaching-hook 
failed  to  catch,  the  cage  would  fall  upon  the  props.  One  of  the  most 
frequent  and  dangerous  sources  of  accidents  on  the  surface  was  due  to 
workmen  being  crushed  between  waggons  and  the  supporting  columns  of 
the  screens.  He  thought  no  shunter  should  be  employed  who  was  not 
more  than  18  years  old. 

Mr.  R.  0.  Beown  said  Mr.  Kirkup  in  the  opening  paragraph  of  his 
essay  stated  that  the  most  important  duty  which  we  have  to  perform  is  to 
see  that  all  the  different  operations  of  mining  are  carried  out  in  as  safe  a 
manner  as  possible,  and  that  the  Coal  Mines  Regulation  Act  and  rules 
are  strictly  adhered  to.  This,  of  course,  was  most  important,  but  there 
was  also  the  higher  obligation  of  preventing  accidents  on  humanitarian 
grounds,  apart  from  the  mere  duty  of  carrying  out  the  Act  and 
rules. 

In  the  essay,  the  number  of  deaths  is  taken  as  the  most  reliable  datum 
for  the  comparison  of  the  various  classes  of  accidents  in  each  year.  He 
suggested  that  all  accidents  (fatal  and  non-fatal)  should  be  taken  into 
account.  In  Northumberland  and  Durham  (according  to  the  report  of 
the  working  of  the  Permanent  Relief  Fund  for  1894)  there  were  166 
fatal  accidents,  217  persons  were  permanently  disabled,  and  17,000  work- 
people suffered  from  other  non-fatal  accidents. 

Much  could  be  said  in  favour  of  and  against  compulsory  timbering  ; 
but  would  compulsory  timbering  have  prevented  some  of  the  accidents 
quoted  in  the  paper  ?    The  stone  weighed  4  tons  and  was  6  feet  in  diameter, 
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and  unless  the  timbering  was  very  closely  placed  there  would  probably  be 
only  one  prop  under  it,  and  this  perhaps  at  its  edge,  so  that  the  accident 
would  probably  have  occurred  under  any  circumstances.  Strict  super- 
vision by  the  under-manager  and  overman,  and  a  severe  penalty  for 
anyone  removing  timber  set  by  the  deputy,  would  help  in  a  great  degree 
to  reduce  the  number  of  accidents  by  falls  of  stone. 

Mr.  Kirkup  said,  and  rightly  so,  that  one  of  the  chief  causes  of 
broken  ropes  is  internal  corrosion.  This  is  sometimes  due  to  the  rope- 
oil  used.  Some  of  these  so-called  oils  contain  unboiled  tar,  and  possibly, 
under  certain  conditions,  the  oil  and  water  together  may  set  up 
a  chemical  action  upon  the  wires  which  neither  alone  would  do.  Sharp- 
edged  cleats  and  nails  on  rope-drums  are  often  the  cause  of  broken  ropes, 
and  should  be  carefully  avoided.  Mr.  Kirkup,  in  speaking  of  safety 
detaching-hooks,  mentioned  a  case  where  there  was  only  3  feet  between 
the  detaching-hook  and  the  cage,  which  Mr.  Kirkup  says  "  speaks  volumes 
for  the  efficiency  of  that  detaching-hook."  He  thought  that  these  satis- 
factory results  were  rnore  particularly  due  to  the  carefulness  of  the  engine- 
man  and  not  especially  to  the  hook. 

Nothing  was  said  about  ambulance  work  in  this  paper.  It  could 
hardly  be  said  to  prevent  accidents,  but  it  minimized  their  consequences, 
and  a  knowledge  of  first  aid  to  the  injured  should  be  insisted  upon  in  the 
case  of  officials  and  encouraged  among  the  workmen. 

Mr.  W.  D.  Harbit,  referring  to  shot-firing  accidents,  said  that  Mr. 
Kirkup  was  wrong  in  stating  that  all  shot-firing  accidents  occurred  when 
lighting  the  fuze,  or  when  examining  a  shot  that  had  missed  fire.  "With 
reference  to  using  old  winding-ropes  for  hauling  purposes,  it  would  be 
interesting  to  know  of  any  collieries  where  this  practice  was  adopted. 

Mr.  R.  0.  Brown  said  that  old  winding-ropes  were  frequently  used 
for  hauling  purposes. 

Mr.  A.  Noble  said  that  old  winding-ropes  could  be  and  were  used  for 
hauling  from  dip  drifts. 

Mr.  W.  R.  Bell  thought  that  Mr.  Kirkup  was  in  error  in  saying  that 
the  return  airways  were  not  frequently  travelled — the  special  rules  in  force 
in  this  district,  provided  that  the  overman,  deputy,  and  other  officials 
shall  "  travel  from  time  to  time  the  return  air-courses." 

Mr.  A.  Noble  said  that  the  system  of  cavilling  in  vogue  in  this  dis- 
trict might  also  be  a  source  of  accident,  because  workmen  after  becoming 
used  to  a  certain  seam,  were  moved  to  another  seam — where  perhaps  another 
system  of  working  was  in  force. 
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Mr.  T.  E.  Parrington  thought  that  Mr.  Kirkup  was  in  error  in 
attributing  blown-out  shots  in  many  cases  to  the  use  of  short  lengths  of 
stemming.  He  (Mr.  Parrington)  had  always  found  and  heard  that  from 
5  to  7  inches  of  good  stemming  was  sufficient. 

Mr.  E.  Fawcett,  referred  to  the  remarks  in  the  paper  upon  boring 
against  accumulations  of  water,  and  the  requirements  of  the  Coal  Mines 
Regulation  Act  that  the  workings  approaching  such  places  should  not 
exceed  8  feet  in  width.  Did  Mr.  Kirkup  think  that  a  hole  15  feet  in 
advance  was  sufficient  in  all  cases  ?  Referring  to  Mr.  Mitton's  remarks 
as  to  the  use  of  a  pair  of  keps  below  the  pulleys,  he  (Mr.  Fawcett)  thought 
that  the  suggestion  was  of  value,  as  he  knew  of  one  case  where  the  cage 
went  up  to  the  pulleys,  the  shackle  below  the  detaching -hook  broke,  and 
the  cage  fell  to  the  bottom  of  the  shaft. 

Mr.  Austin  Kirkup,  referring  to  Mr.  Mitton's  objection  to  allowing 
return  air-currents  to  pass  over  the  furnace,  said  that  was  only  allowed 
in  cases  where  such  air  was  free  from  fire-damp.  Air  from  dangerous 
workings  was  carried  into  the  shaft  by  means  of  one  or  more  dumb-drifts. 
He  had  not  had  much  experience  as  to  the  shattering  effect  of  high 
explosives,  but  he  believed  such  nitrate-of-ammonium  explosives  as 
roburite  did  not  shatter  the  coal  so  much  as  nitro-glycerine  compounds. 
The  workmen  sometimes  used  reflectors  when  travelling  in  or  out  of  the 
mine,  but  when  they  got  to  their  working-places  the  reflectors  were 
removed,  so  as  to  secure  an  all-round  illumination  in  preference  to  a 
stronger  light  on  one  particular  place,  but  no  doubt  for  the  examinations 
of  roof  the  use  of  a  reflector  would  be  an  advantage.  The  "  ringer  and 
chain,"  or  "  dog  and  chain  "  was  in  use  in  this  district,  but  in  many 
cases  the  timber-drawers  said  that  it  was  of  no  use  ;  all  props  could  not  be 
drawn  by  means  of  the  ringer  and  chain,  large  props  when  set  into  a  soft 
coal  bottom  and  wedged  against  the  top  were  rather  awkward  to  deal  with, 
and  had  generally  to  be  chopped  or  "  whistle-ended  "  before  they  could 
be  removed.  Mr.  Mitton  also  referred  to  the  desirability  of  making  the 
use  of  detaching-hooks  compulsory,  but  there  were  cases  where  it  would 
not  be  practicable  to  employ  them  without  increasing  the  height  of  the 
pulley-legs  ;  he  referred  particularly  to  one  case  where  a  four-decked  cage 
measuring  18  feet  high  was  in  use,  and  it  was  necessary  at  times  to  lift 
the  cage  above  the  flat-sheets  to  hang  a  kibble  below  it,  and  if  a 
detaching-hook  were  used  this  could  not  be  done.  In  the  great  majority 
of  cases,  however,  detaching-hooks  were  a  great  advantage. 

Mr.  Brown  had  referred  to  the  question  of  compulsory  timbering,  and 
with  reference  to  the  fall  of  stone  mentioned  in  the  paper,  said  that  if 
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timber  had  been  used  the  stone  might  still  have  fallen,  as  there  would 
probably  only  have  been  a  single  prop  under  it.  But  even  in  that  case  it 
would  have  given  warning,  and  it  was  probable  that  the  stone  would  have 
been  tilted  to  one  side,  and  would  have  allowed  the  workman  to  spring 
out  of  the  way.  The  question  of  ambulance  ought  certainly  to  have  been 
mentioned  in  the  paper,  and  he  regretted  that  such  an  important  matter 
had  been  omitted.     . 

With  regard  to  Mr.  Harbit's  remarks,  there  would  be  no  waiting  of 
miss-fires  if  shots  were  electrically  fired.  If  the  shot  did  not  go  off  at 
once,  the  wires  could  be  disconnected,  and  the  workman  could  approach 
the  shot  in  safety. 

As  regards  Mr.  Bell's  facetious  remark,  as  to  the  return  airways  not 
being  used  for  travelling,  he  (Mr.  Kirkup)  referred  in  his  paper  to  the 
ordinary  travelling  in  and  out  by  the  workmen. 

Mr.  Parrington  remarked  upon  the  length  of  stemming,  but  he  (Mr. 
Kirkup)  had  always  been  taught  that  the  liability  to  blown-out  shots  was 
decreased  as  the  length  of  stemming  was  increased,  although  theoretically 
8  would  be  as  good  as  24  inches. 

The  Chairman  said  Mr.  Kirkup  stated  that  at  his  colliery  there  was 
little  or  no  blasting  either  in  stone  or  coal.  It  would  be  interesting  to 
know  the  character  of  the  stone  and  coal,  and  how  it  was  dealt  with,  for 
in  many  cases  it  was  not  gannister  exactly,  but  a  very  hard  sandstone, 
difficult  to  deal  with.  The  Chairman  said  as  there  were  no  further  re- 
marks offered  he  had  pleasure  in  presenting  to  Mr.  Kirkup  the  books 
which  had  been  awarded  to  him  for  the  prize  essay. 

Mr.  Kirkup  expressed  his  sincere  thanks  to  the  Institution  for  the 
valuable  present  of  books  awarded  to  him,  to  Mr.  Douglas  for  his  kind 
remarks  upon  his  paper,  and  to  his  fellow-students  for  the  kindly  way  in 
which  they  had  listened  to  his  paper.  It  had  been  a  great  pleasure  to  him 
to  prepare  the  paper,  and,  as  the  Chairman  observed,  it  had  also  been  a 
great  source  of  instruction.  He  hoped  this  meeting  would  be  by  no  means 
the  last  of  its  kind,  and  he  hoped  that  next  year  some  student  now  present 
would  occupy  the  position  that  he  held  that  day. 


The  Chairman  moved,  and  Mr.  F.  Kirkup  seconded,  a  resolution  that 
a  hearty  vote  of  thanks  be  accorded  to  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  for  arranging  the  present  meeting, 
and  to  the  "Wearmouth  Coal  Company,  Limited,  and  to  the  Hetton  Coal 
Company,  Limited,  for  allowing  the  students  to  visit  their  respective 
collieries. 
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Mr.  R.  0.  Brown  moved,  and  Mr.  Nesbit  seconded,  that  a  cordial 
vote  of  thanks  be  given  to  the  Chairman  for  his  services  that  day. 


The  meeting  then  closed. 


The  Wearmouth  and  Elemore  collieries  were,  by  kind  permission  of 
the  owners,  open  for  inspection,  during  the  course  of  the  meeting  on 
August  14th  and  15th,  1895. 


TRANSACTIONS. 


25 


THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


ANNUAL   GENERAL   MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

August  3rd.  1895. 


Me.  THOMAS  DOUGLAS,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  July  20th 
and  that  day. 

ELECTION  OF  OFFICERS. 

The  President  appointed  Messrs.  J.  T.  Todd,  "W.  R.  Dakers,  L. 
Tkursby,  and  W.  E.  Nicholson  as  scrutineers  of  the  balloting  papers  for 
the  election  of  officers  for  the  year  1895-96.  These  gentlemen  afterwards 
reported  the  result  of  the  ballot  as  follows  : — 

President. 
Mr.  T.  Douglas. 


Vice-Presidents. 


Mr.  W.  Armstrong,  Sen. 
Mr.  C.  Berkley. 
Mr.  J.  L.  Hedley. 


Mr.  W.  Armstrong,  Jun. 
Mr.  H.  Ayton. 
Mr.  E.  Bainbridge. 
Mr.  W.  C.  Blackett. 
Mr.  J.  B.  Crone. 
Mr.  W.  H.  Hedley. 
Mr.  A.  C.  Kayll. 
Mr.  H.  Lawrence. 
Mr.  C.  C.  Leach. 


Council. 


Mr.  George  May. 
Mr.  J.  G.  Weeks. 
Mr.  W.  0.  Wood. 


Mr.  J.  H.  Meeivale. 
Mr.  J.  Morison. 
Mr.  H.  Palmer. 
Mr.  A.  M.  Potter. 
Mr.  B.  Robinson. 
Mr.  T.  0.  Robson. 
Mr.  F.  Stobabt. 
Mr.  S.  Tate. 
Mr.  W.  H.  Wood. 


Mr.  J.  A.  Ramsay  (Durham)  moved  a  Yote  of  thanks  to  the  President, 
Vice-Presidents,  Council,  and  Secretary  for  their  services  during  the  past 
year. 
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Mr.  David  Burns  (Carlisle)  seconded  the  vote  of  thanks,  which  was 
cordially  adopted. 

The  President  said  that  this  meeting  terminated  his  first  year  of 
office,  and  he  desired  to  thank  the  members  very  rnnch  for  their  kindness 
to  him  during  that  period.  He  was  very  glad  that  the  attendance  of 
members  at  the  General  Meetings  had  been  so  large,  and  it  was  a  great 
encouragement  to  know  that  the  papers  communicated  at  the  meetings 
were  so  largely  approved. 


The  President  moved,  and  Mr.  Steavenson  seconded,  that  a  vote  of 
thanks  be  given  to  the  scrutineers  for  their  services,  which  was  agreed  to. 


REPRESENTATIVES  ON  THE  COUNCIL  OF  THE  FEDERATED 
INSTITUTION  OF  MINING  ENGINEERS. 

Mr.  J.  B.  Simpson  moved,  and  Mr.  R.  T.  Swallow  seconded,  that  the 
following  gentlemen  be  elected  as  the  representatives  of  this  Institute  on 
the  Council  of  The  Federated  Institution  of  Mining  Engineers  for  the 
ensuing  year :  — 


Mr.  W.  Armstrong,  Jun. 
Mr.  B.  Bainbridge. 
Mr.  T.  W.  Benson. 
Mr.  W.  C.  Blackett. 
Mr.  T.  Forster  Brown. 
Mr.  Wm.  Cochrane. 
Mr.  John  Daglish. 
Mr.  T.  Douglas. 
Mr.  T.  E.  Forster. 
Mr.  Jeremiah  Head. 
Mr.  J.  L.  Hedley. 
Mr.  A.  C.  Kayll. 

The  motion  was  agreed  to. 


Mr.  C.  C.  Leach. 
Mr.  George  May. 
Mr.  J.  H.  Merivale. 
Mr.  J.  Morison. 
Mr.  H.  Palmer. 
Mr.  M.  W.  Parrington. 
Mr.  A.  M.  Potter. 
Mr.  T.  0.  Robson. 
Mr.  A.  L.  Steavenson. 
Mr.  S.  Tate. 
Mr.  J.  G-.  Weeks. 
Mr.  E.  L.  Weeks. 


Mr.  J.  H.  Merivale  moved  that  a  vote  of  thanks  be  accorded  to  the 
representatives  of  the  Institute  on  the  Council  of  The  Federated  Institu- 
tion of  Mining  Engineers  during  the  past  year. 

Mr.  J.  B.  Simpson  seconded  the  resolution,  which  was  cordially 
agreed  to. 

The  Secretary  read  the  Annual  Report  of  the  Council  and  of  the 
Finance  Committee  as  follows : — 
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The  following  table  shows  the  numbers  of  members  of  various  classes 
during  a  few  recent  years : — 


Honorary  Members 

Members 

Associate  Members 

Associates 

Students 

Subscribing  Collieries,  etc 

Totals 


August  1st. 

1893. 

1894 

1895. 

25 

26 

26 

565 

624 

717 

47 

53 

67 

47 

68 

67 

34 

20 

36 

22 

22 

23 

740 


813 


936 


The  steady  increase  of  the  membership  is  a  matter  of  congratulation. 
The  members  are,  however,  desired,  at  all  times,  to  promote  its  claims  and 
advantages  and  to  extend  the  membership,  which  is  still  below  the  figures 
of  a  few  years  ago,  viz. : — Honorary  Members,  23 ;  Members,  792 ; 
Students,  142  ;  and  Subscribing  Collieries,  etc.,  14  ;  a  total  of  971  of  all 
classes. 

The  initiation  of  the  class  of  Associates,  consisting  of  persons  occupying 
subordinate  positions  in  engineering,  has  proved  very  successful,  and  has 
materially  increased  the  roll  of  members. 

The  revision  of  the  composition  payable  in  lieu  of  the  annual  sub- 
scription has  been  approved,  as  shown  by  the  number  of  members  who  have 
so  compounded.  The  Council  will  invest  the  amounts  so  received,  as 
suitable  investments  are  suggested  to  them. 

The  Council  regret  that  no  papers  have  been  received  from  Students 
and  Associates  during  the  course  of  the  year. 

The  additions  to  the  library  by  donations,  exchange,  purchase,  etc., 
have  been  : — 


Bound  volumes  ... 
Pamphlets,  reports,  etc. 


248 
314 


A  total  of 


562  titles. 
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And  it  is  probable  that  the  library  now  contains  6,914  volumes,  and  1,171 
unbound  pamphlets.  A  card  catalogue  is  now  being  prepared,  and  should 
render  the  books  more  readily  available  to  members. 

The  Library  (including  the  books  and  weekly  engineering  papers)  is 
available  to  members  in  the  vicinity,  from  10  a.m.  to  5  p.m.  daily,  and 
those  residing  at  a  distance  may  make  use  of  the  books  by  communication 
with  the  Secretary. 

It  is  a  matter  of  regret  that  some  of  the  files  of  publications  have 
been  rendered  incomplete  by  the  neglect  of  members  to  return  borrowed 
books  to  the  library,  and  it  is  earnestly  desired  that  members  will  return 
the  missing  volumes. 

The  library  could  be  rendered  more  valuable,  if  members  would 
present  volumes,  etc.,  which  they  can  spare  from  their  own  libraries. 
Members  would  also  render  a  real  service  to  the  profession  by  bequeathing 
books,  reports,  plans,  etc.,  to  the  library,  where  they  would  be  preserved, 
be  available  for  reference,  and  maintain  the  memory  of  the  donor. 

The  Wood  Memorial  Hall,  Lecture  Theatre,  etc.,  have  been  kept  in 
good  repair. 

The  reservation  of  a  reading-room  has  been  under  consideration,  and 
the  Council  trust  that  satisfactory  arrangements  to  that  effect  will  be 
shortly  completed. 

An  arrangement  has  been  made  with  the  Literary  and  Philosophical 
Society  of  Newcastle-upon-Tyne,  whose  premises  are  connected  with  the 
library  of  the  Institute,  by  which  the  door  between  the  libraries  of  the 
two  societies  is  opened  daily,  and  the  members  of  either  society 
are  permitted  (on  producing  a  members  pass)  to  refer  to  the  books  in  the 
library  of  the  other  society. 

Five  volumes  of  the  Sinkings  and  Borings  (A  to  T)  have  been  issued, 
and  the  remaining  volumes  will  be  published  at  early  dates. 

The  prices  of  the  Transactions  and  other  publications  of  the  Institute 
have  been  recently  reduced,  and  members  are  recommended  to  complete 
their  sets  before  the  stock  is  exhausted. 

Arrangements  are  being  made  in  order  that  papers  of  interest  to 
Indian  and  Colonial  members  may  be  locally  read  and  discussed,  and  it  is 
desired  that  the  members  will  endeavour  to  ensure  the  success  of  such 
local  meetings. 

The  Explosives  Committee  have  continued  their  investigations  as  to 
the  merits  of  the  various  flameless  explosives  at  their  weekly  meetings. 
The  first  portion  of  their  Report  has  been  issued,  and  they  anticipate 
being  able  to  issue  the  second  portion  of  their  Report  before  the  end  of 
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the  year.  The  Council  have  offered  the  use  of  the  entire  plant  for  testing 
explosives  for  use  in  mines  to  the  Secretary  of  State  for  the  Home 
Department. 

The  report  of  the  Committee  on  Mechanical  Ventilators  is  approaching 
completion,  and  will  be  issued  during  the  current  year  to  the  members. 

Mr.  J.  H.  Merivale  has  been  reappointed  to  represent  the  Institute  at 
the  Conference  of  Corresponding  Societies  of  the  British  Association  for 
the  Advancement  of  Science  at  Ipswich  in  September  next. 

Mr.  John  Daglish  has  been  reappointed  on  behalf  of  this  Institute  as 
a  governor  of  the  Durham  College  of  Science,  Newcastle-upon-Tyne. 
Mr.  TV.  Cochrane  has  been  appointed  as  the  representative  of  the  Institute 
on  the  Science  and  Art  Committee,  and  Mr.  J.  H.  Merivale  on  the  Scholar- 
ships Committee  of  the  Northumberland  County  Council. 

The  Federated  Institution  of  Mining  Engineers  has  now  completed 
its  sixth  year,  during  which  general  meetings  have  been  held  at  Newcastle- 
upon-Tyne  on  September  5th,  6th,  and  7th,  1894 ;  at  Birmingham  on 
February  12th  and  13th,  1895;  and  at  London  on  May  30th  and  31st 
and  June  1st,  1895.  The  meeting  held  in  this  district  was  well  attended, 
and  the  best  thanks  of  the  Institute  are  due  to  the  Committee  who  made 
the  arrangements,  and  to  all  those  who  by  their  services  contributed  to 
the  holding  of  that  successful  meeting. 

Prizes  of  books  have  been  awarded  to  the  writers  of  the  following 
papers  communicated  to  the  members  during  the  year  1893-91 : — 

"  A  Contribution  to  our  Knowledge  of  Coal-dust.     Part  II.*'     By  Dr.  P. 

Phillips  Bedson. 
"  A  Contribution  to  our  Knowledge  of  Coal-dust.     Parr  III."     By  Dr.  P. 

Phillips  Bedson  and  Mr.  W.  McConnell,  Jun. 
"The  Combustion  of  Oxygen   and  Coal-dust  in  Mines."      By  Mr.  W.   C. 

Blackett. 
••  History  and  Description  of  the  Greenside  Silver  Lead  Mine,  Patterdale." 

By  Mr.  W.  H.  Borlase. 
"  The  Choice  of  Coarse  and  Fine-crushing  Machinery  and  Processes  of  Ore 

Treatment."     By  Mr.  A.  G.  Charleton. 
••  The  Ghorband  Lead-mines,  Afghanistan."     By  Mr.  A.  L.  Collins. 
-  Note  on  the  Antimony  Deposit  of  El  Altar,  Sonora,  Mexico."     By  Mr. 

Edward  Halse. 
;-  Note  on  the  Occurrence  of  Mercury  at  Quindiu,  Tolima,  U.S.  Colombia." 

By  Mr.  Edward  Halse. 
•'  Mining  Explosives  :  Their  Definition  as  Authorized  under  the  Explosives 

Act,  1875."     By  Mr.  A.  C.  Kayll. 
■•  Miss-fires."     By  Mr.  J.  D.  Kendall. 
"  Singareni  Coal-field,  Hyderabad,  India."     By  Mr.  J.  P.  Kirkup. 


30  ANNUAL   REPORT    OF   THE   COUNCIL. 

■•  Corliss-engined  Fan  at  Seghill  Colliery."     By  Mr.  C.  C.  Leach. 

"  Historical  Sketch  of  the  Whitehaven  Collieries."     By  Mr.  R.  W.  Moore. 

■•  Magnetic  Declination  and  its  Variations."     By  Prof.  H.  Stroud. 

•■  Minerals  and  Mining  in  Tasmania."     By  Mr.  A.  P.  Wilson. 

The  papers  communicated  to  the  members  during  the  year  have  been 
as  follows  : — 

"The  Brunsviga  Calculating-machine."     Anon. 

li  Coal-mines  Regulation  Bill,  1895."     By  Mr.  M.  Walton  Brown. 

■•  The  Brunck  Coke-oven  and  System  for  the  Recovery  of  Bye-products." 
By  Dr.  R.  Brunck. 

"  Sinking  with  Rock-drills."     By  Mr.  Frank  Coulson. 

"  The  Semet-Solvay  Coke-oven."     By  Mr.  John  H.  Darby. 

■•  Presidential  Address."     By  Mr.  T.  Douglas. 

'•  The  Effect  of  an  Obstruction  in  the  Air-way  of  a  Mine."  By  Mr.  T. 
L.  Blwen. 

••  Magnetic  Declination  in  Mines."     By  Mr.  James  Henderson. 

"  Report  of  the  Proceedings  of  the  Flameless  Explosives  Committee.  Part 
I. — Air  and  Combustible  Gases."     By  Mr.  A.  C.  Kayll. 

"  The  Working  of  Hrematite  in  the  Whitehaven  District."  By  Mr.  J.  M.  Main. 

••  The  Mining  of  the  Softer  Ores  of  Furness."     By  Mr.  H.  Mellon. 

•'  Improvements  in  Brick-kilns."     By  Mr.  R.  W.  Moore. 

'"The  Extension  of  the  West  Cumberland  Coal-field,  Southward  and  North- 
ward under  the  St.  Bees  Sandstone."     By  Mr.  R.  Russell. 

"  Electric  Transmission  of  Power."     By  Mr.  Alexander  Siemens. 

"  Saving  of  Life  from  After-damp,  Smoke,  or  Fumes  in  Mines."  By  Mr. 
Simon  Tate. 

"  Engineering  Heliography,  or  the  Sun-print  Copying  of  Engineering  Draw- 
ings."    By.  Mr.  B.  H.  Thwaite. 

•'  Experiments  with  Explosives."     By  Mr.  Winkhaus. 

-  British  Guiana  Gold-fields."     By  Mr.  E.  P.  Wood. 

"  The  Murton  Coal-washer."     By  Mr.  W.  0.  Wood. 

In  conclusion,  the  Council  desire  to  impress  upon  the  members  that 
the  success  of  the  Institute  in  the  future  is  entirely  dependent  upon  a 
continued  increase  of  the  membership,  so  as  to  meet  the  considerable 
expenses  incurred  by  its  connexion  with  The  Federated  Institution  of 
Mining  Engineers. 


REPORT  OF  THE  FINANCE  COMMITTEE. 

The  total  income  for  the  year  amounted  to  £2,232  15s.  8d.  ;  deduct- 
ing the  sum  of  £131  2s.  Od.,  subscriptions  of  new  life  members,  and 
£97  13s.  Od.,  subscriptions  paid  in  advance,  leaves  £2,004  0s.  8d.  as 
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the  ordinary  income  for  the  year.  The  ordinary  income  for  the  previous 
year,  arrived  at  in  the  same  manner,  was  £1,841  10s.  7d.,  showing  an 
increase  during  this  year  of  £162  10s.  Od. 

The  amount  of  subscriptions  now  in  arrear,  excluding  the  current 
year,  is  £71  8s.  Od. 

The  total  expenditure  amounted  to  £2,010  18s.  Id.,  an  increase  of 
£101  Is.  5d.  The  principal  items  contributing  to  this  increase  are  : — 
Contributions  to  The  Federated  Institution  of  Mining  Engineers,  owing  to 
the  increased  number  of  members,  £39  lis.  5d. ;  postages,  £10  12s.  2d.  ; 
printing  (including  the  Report  of  the  Proceedings  of  the  Flameless 
Explosives  Committee),  £45  12s.  9d.  ;  preparation  of  library  card 
catalogue,  £40  0s.  Od.  ;  law  charges,  £10  3s.  8d.  ;  and  expenses  of  the 
meeting  of  The  Federated  Institution  of  Mining  Engineers  in  this 
district,  £44  9s.  Id.  There  is  a  decrease  of  £43  lis.  Od.  in  the  expenses 
of  the  Flameless  Explosives  Committee  ;  and  £27  15s.  9d.  in  the  cost  of 
furnishing. 

The  Council  having  reduced  the  price  to  members  of  certain  volumes 
of  the  Transactions,  a  reduction  has  been  made  in  the  value  shown  in 
the  balance  sheet. 

August  3rd,  1895. 


The  President  said  that  there  were  many  matters  in  the  Annual  Report 
and  Accounts  which  were  very  satisfactory.  In  the  first  place  the  mem- 
bership had  increased,  and  the  papers  communicated  to  the  members  had 
been  numerous  and  of  great  interest.  He  regretted  that  no  papers  had 
been  received  from  Students  or  Associates  during  the  course  of  the  year, 
in  response  to  the  invitation  of  the  Council,  for  the  purpose  of  being  read 
and  discussed  at  meetings  of  Students  and  Associates.  The  first  meeting 
of  the  Students  of  The  Federated  Institution  of  Mining  Engineers  had 
been  arranged  to  be  held  in  this  district,  and  he  hoped  that  they  would 
take  advantage  of  it  in  as  large  numbers  as  possible,  in  order  that  the 
Council  might  be  encouraged  to  hold  similar  meetings  in  the  future.  He 
had  pleasure  in  moving  the  adoption  of  the  reports  of  the  Council  and  of 
the  Finance  Committee. 

Mr.  J.  B.  Simpson  seconded  the  resolution,  which  was  unanimously 
adopted. 
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ACCOUNTS. 


Dr. 


The  Tbeasueer  in  Account  with  the  Noeth  of  England 

For  the  Year  ending 


July  21st,  1S94. 
To  Balance  at  Bankers 

n         „        in  Treasurer's  hands        ...  

.,  Outstanding  Amounts  for  Authors'  Excerpts     

July  21st,  1895. 

To  Dividend  of  7£  per  cent,  on  134  Shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Co.,  Ltd.,  for 

the  year  ending  June,  1895     

„  Interest  on  Investments  with  the  River  Tyne  Commis- 
sioners     


To  Subscriptions  for  1894-95  as  follows 

508  Members         

1  Member 
37  Associate  Members    ... 
56  Associates 

18  Students  

97  New  Members 

6  New  Members  (Life  Compositions) 

19  New  Associate  Members      

12  New  Associates 

22  New  Students  


To  Subscribing  Collieries,  viz.:— 

3  @  £10  10s 

3  @£6  6s 

5  @  £4  4s 

10  @  £2  2s 

1  New  Subscriber  @  £2  2s.  ... 


@  £2  2s. 
@  £1  Is. 
@  £2  2s. 
@  £1  Is. 
@  £1  Is. 
@  £2  2s. 

@  £2  2s. 
@  £1  Is. 
@  £1  Is. 


To  Donations 


£       s.    d. 

457  10    0 

84  12     3 

10  16  11 


201     0     0 


53     3     8 


1,066  16 

1     1 

77  14 

58  16 

18  18 

203  14 

131     2 

39  18 

12  12 

23     2 


1,633  13     0 


31  10  0 

18  18  0 

21     0  0 

21     0  0 

2     2  0 


Less— Subscriptions  for  current  year  paid  in  advance 
at  the  end  of  last  year...         ...         

To  Arrears  received     ... 

.,  Subscriptions  paid  in  advance  during  current  year 
„  Sale  of  Publications  


94  10  0 

4    4  0 

1,732    7  0 

56  14  0 


1,675  13 
139  13 

0 
0 

1.815  6 
97  13 

0 
0 

s.    d. 


552  19     2 


254     3     8 


1,912  19     0 
65  13     0 


£2,785  14  10 


ACCOUNTS. 


33 


Institute  of  Mining  and  Mechanical  Engineers. 
July  31st,  1895. 


Ce. 


July  21st,  1895. 
By  Printing  and  Stationery    ... 
„  Books  for  Library  ... 
„  Prizes  for  Papers    ... 

,.  Incidental  Expenses  ...         ...         

..  Postages 

„  Sundry  Accounts     ... 

„  Travelling  Expenses  

„  Salaries 

„  Clerks'  Wages  ...         ...         

„  Reporter's  Salary    ... 

,,  Rent 

„  Rates  and  Taxes 
,,  Insurance     ... 
„  Furnishing,  Repairs,  etc.   ... 
.,  Coals,  Gas,  Electric  Light,  and  Water    ... 
,,  Library  Card  Catalogue     ... 
.,  Law  Charges 
.,  Printing  and  Stationery     ... 
,,  Translation  of  Papers 

„  Newcastle   Meeting   of   The    Federated   Institution   of 
Mining  Engineers 


,,  Fan  Committee 

„  Explosives  Committee 

„  British  Association  Meeting — Delegate's  Expenses 

By   The    Federated   Institution    of    Mining    Engineers- 
Subscriptions     ... 
Less — Amounts  paid  by  Authors  for  Excerpts 


By  Balance  at  Bankers 
„  „        in  Treasurer's  hands 

„  Outstanding  Amounts  for  Authors'  Excerpts 


£  s. 

d. 

£   s. 

d. 

205  15 

4 

48  13 

0 

25  4 

0 

63  2 

9 

67  17 

7 

7  8 

4 

14  12 

6 

150  0 

0 

147  2 

8 

16  16 

0 

94  13 

10 

22  8 

3 

12  8 

4 

80  3 

6 

39  15 

3 

40  0 

0 

10  3 

8 

0  8 

0 

4  10 

0 

I 

44  9 

1 

889  16 

9 

0  11 

0 

38  5 

1 

5  0 

0 

43  16 

1 

879  14 

10 

8  4 

11 

871  9 

11 

2,010  18 

1 

685  7 

10 

84  12 

3 

4  16 

8 

771   Ifi 

9 

I  have  examined  the  above  account  with  the  Books  and  Vouchers 
relatiug  thereto,  and  certify  that,  in  my  opinion,  it  is  correct. 

JOHN  G.  BENSON, 

Chaetebed  Accountant. 
Newcastle-upon-Tyne, 

August  2nd,  1895. 


£2.785  14  10 
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Dr. 


The  Treasurer  in  Account 


To  624  Members, 

30  of  whom  are  Life  Members. 


594 


594 


@  £2  2s. 


To     53  Associate  Members, 

5  of  whom  are  Life  Members. 


48  48 

To     68  Associates 


@  £2  2s. 
@  £1  Is. 


To     20  Students, 

1  of  whom  transferred  to  List  of  Members. 

19  19  @£l]s.      ... 

To     22  Subscribing  Collieries    ... 

To    97  New  Members  @  £2  2s.      ... 

To       6  New  Members  (Life  Compositions) 

To     19  New  Associate  Members  @  £2  2s. 

To     12  New  Associates  @  £1  Is. 

To     22  New  Students  @  £1  Is.       ... 

To       1  New  Subscriber  ... 

To  Donations         ...         


To  Arrears,  as  per  Balance  Sheet  1893-94       

Add — Arrears  considered  irrecoverable,  but  since  paid 


£       s.    d.       £       s.    d. 


1,247     8     0 


192     3     0 
18  18    0 


To  Subscriptions  Paid  in  Advance 


100  16     0 
71     8     0 


19  19  0 

96  12  0 
203  14  0 
131     2  0 

39  18  0 

12  12  0 

23     2  0 

2     2  0 

4     4  0 

1,952  17  0 

211     1  0 

2,163  18  0 

97  13  0 


£2,261  11     0 
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with  Subscriptions,  1894-95. 


Cn. 


By  508  Members,  paid    ...         

By      1         „         paid 

By    85         „         unpaid 

594 

By    37  Associate  Members,  paid 
By    11         ,,  „  unpaid 

48 

By    56  Associates,  paid 

By    11         ,.  unpaid 

By      1         „  dead 

68 

By    18  Students,  paid     ... 
By     1         .,         unpaid 

19 

By    21  Subscribing  Collieries,  paid 

By      1  „  „  unpaid  ... 

22 

By    97  New  Members,  paid        

By     6  New  Members  (Life  Compositions),  paid 
By    19  Xew  Associate  Members,  paid 

By    12  New  Associates,  paid      ...         

By    22  New  Students,  paid 
By      1  New  Subscriber 
By  Donations 


By  Arrears 

By  Subscriptions  paid  in  advance 


@  £2  2s. 
@  £1  Is. 
(a)  £2  2s. 


@  £2  2s. 
vg  £2  2s. 


@  £1  Is. 
@  £1  Is. 


PAID.  UNPAID. 

£       s.   d.  £       s.  d. 

1,066  16     0  

110 

178  10     0 


77  14     0 


58  16     0 


@  £1  Is. 

18  18 

0 

@  £1  Is. 

92  8 

0 

@  £2  2s. 

203  14 

0 

131  2 

0 

@  £2  2s. 

39  18 

0 

@  £1  Is. 

12  12 

0 

@  £1  Is. 

23  2 

0 

2  2 

0 

4  4 

0 

23     2     0 


11  11     0 
110 


1      1     0 


4     4     0 


1,732    7    0      220  10    0 
139  13     0         71     8     0 
97  13     0  


1,969  13    0      291  18    0 
1,969  13     0 


£2,261  11     0 
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TRANSACTIONS.  37 

The    following    gentlemen    were    elected,    having   been   previously 
nominated :  — 

Members — 
Mr.  Charles   John  Gray   Allan,   Gunpowder  Works   Manager,   Electric 

House.  West  Calder,  N.B. 
Mr.  William  Archer.  Colliery  Manager,  Victoria  Garesfield,  Lintz  Green, 

Co.  Durham. 
Mr.    Edgar    Arthur    Ashcroft,    Electrical    Engineer   and    Metallurgist, 
De  Vere    Residential    Hotel,   De   Vere   Gardens,   Kensington   Palace, 
London,  W. 
Mr.  Philip  Bolam,  Colliery  Manager,  North  Walbottle  Colliery,  Newcastle- 
upon-Tyne. 
Mr.  J.  Buglas,  Colliery  Manager.  Stobswood,  via  Acklington,  Northumberland. 
Mr.  Frank  Hawthorn  Burn,  Colliery  Owner,  Westcliffe,  Gosforth,  New- 
castle-upon-Tyne. 
Mr.  Arthur  C.  Claudet,  Metallurgical  Chemist,  6  and  7,  Coleman  Street, 

London,  E.C. 
Mr.  Frank  Croudace,   Mining   Engineer,   Lambton   Collieries,  Newcastle, 

New  South  Wales. 
Mr.  Mark  Ford,  Manager,  Sherburn  Colliery,  near  Durham. 
Mr.  Arthur  Goldsworthy,  Mining  Agent,  Linares,  Provincia  de  Jaen,  Spain. 
Mr.  John  Charles  Hall,  Colliery  Manager,  Pegswood  Colliery,  near  Morpeth. 
Mr.  Wheldon  Hepburn.  Manager.  Littletown  Colliery,  near  Durham. 
Mr.  William  Taylor  Heslop,  Colliery  Manager,  Halt  whistle,  Northumber- 
land. 
Mr.  Matthew  Henry  Kellett,   Assistant   Manager,   Ivy  Terrace,  South 

Moor,  Chester-le-Street. 
Mr.  Thomas  Kidd.  Jun..  Land  and  Mine   Surveyor,  Linares,  Provincia  de 

Jaen,  Spain. 
Mr.  George  Craig  Lambe,  Manager  of   Engineering  Works,  Merrington 

Iron_Works,  Spennymoor,  Co.  Durham. 
Mr.  Samuel  Warren  Price,  Mining  Engineer  and  Surveyor,  25,  Lochabei 

Street,  Cardiff. 
Mr.    Robert    Richardson,    Colliery    Manager,    Blaydon     Main     Colliery, 

Blaydon-upon-Tyne. 
Mr.  Thomas  Rontree.  Colliery  Manager,  12.  Northcote  Street,  South  Shields. 
Mr.  Philip  H.   Stanton,  Colliery  Manager,  Throckley  Colliery.  Newcastle- 
upon-Tyne. 
Mr.  C.  H.  Steavenson.  Manager.  Brotton  Mines,  Brotton.  R.S.O.,  Yorkshire. 
Mr.  WILLIAM  Tattley,  Mine  Manager,  Taupiri  Extended  Coal  Mining  Co., 

Ltd.,  Huntly,  Waikato,  New  Zealand. 
Mr.  George  A.  Treadwell,  Mining  Engineer,  Nevada  City,  California,  U.S.A. 
Mr.  Walter  de   Varila,    Mining  and   Topographical   Engineer,  Room   9. 

316.  California  Street,  San  Francisco,  California,  U.S.A. 
Mr.  Thomas  Walton,  Colliery  Manager,  Habergham  Colliery,  Burnley. 
Mr.  Joseph  D.  Weeks,  President,  American  Institute  of  Mining  Engineers, 

Pittsburg,  Pa..  U.S.A. 
Mr.  John  Wood,  Mining  Engineer,  Coxhoe  Hall,  Co.  Durham. 
Mr.  Gr.  C.  Zumbuloglon,  Mining  Engineer,  No.  3,  Astardji  han,  Grand  Bazaar, 
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DISCUSSION  UPON  THE  "REPORT  OF  THE  PROCEEDINGS 
OF  THE  EXPLOSIVES  COMMITTEE."  * 

The  Secretary  read  the  following  correspondence  with  the  Secretary 
of  State  for  the  Home  Department,  respecting  the  use  of  the  plant  erected 
by  the  Institute  for  testing  explosives  to  be  used  in  mines  : — 

Neville  Hall, 

Newcastle-upon-Tyne, 

July  Ylth,  1895. 

Sir, — The  President  and  Council  of  this  Institute  have  considered  the  following 
question  which  Mr.  John  Wilson  asked  recently  in  the  House  of  Commons  and  Mr. 
Asquith's  reply  as  follows  : — 

••  Mr.  John  Wilson  (Durham)  asked  the  Secretary  of  State  for  the  Home  Depart- 
ment whether  he  had  decided  to  utilize  the  apparatus  for  testing  westfalit  erected 
at  Messrs.  Pearson  and  Knowles'  collieries,  near  Wigan,  for  testing  all  other  safety 
explosives  used  in  mines  ;  and  whether  he  was  aware  that  efficient  apparatus  had 
been  erected  by  the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
at  a  cost  of  about  £500,  and  which  had  been  seen  and  approved  by  several  members 
of  the  Royal  Commission  on  Explosions  from  Coal-dust  ;  and  if  so,  whether  he  would 
take  steps  to  secure  that  any  experiments  with  explosives  now  used  in  mines 
should  be  carried  out  by  gentlemen  not  connected  with  the  manufacture  of 
explosives." 

"  Mr.  Asquith  said  he  had  not  decided  to  cause  this  apparatus  to  be  utilized, 
but  if  there  should  be  need  of  it  he  would  be  very  willing  to  accept  the  loan  of 
suitable  apparatus  from  any  quarter.  He  was  aware  of  the  apparatus  belonging 
to  the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers;  in  fact, 
some  of  the  inspectors  of  mines  had  been  assisting  at  their  experiments.  Until 
the  passing  of  a  bill  dealing  with  the  use  of  explosives  in  dangerous  mines,  it  would 
be  premature  to  initiate  experiments  with  different  sorts  of  explosives,  but  he  was 
fully  alive  to  the  neessity  of  impartiality  in  any  experiments  that  might  be  made, 
and,  he  might  add,  he  hoped  very  shortly  to  introduce  a  bill." 

*  Tram.  Fed.  Inst.,  vol.  viii.,  pages  227  and  593,  and  vol.  ix.,  pages  115,  206, 
and  274. 
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In  view  of  the  fact  that  the  apparatus  erected  by  this  Institute  has  been  seen 
and  approved  by  several  members  of  the  Royal  Commission  on  Explosions  from 
Coal-dust,  the  President  and  Council  have  pleasure,  on  behalf  of  the  members,  in 
offering  to  the  Secretary  of  State  for  the  Home  Department  the  use  of  the  entire 
plant  for  testing  explosives  proposed  to  be  used  in  mines. 

The  apparatus  is  now  being  used  for  this  purpose,  and  can  be  seen  at  any  time 
either  by  yourself  or  any  representative'  you  may  send  down  for  the  purpose,  and 
a  series  of  experiments  can  be  arranged  for  any  day  which  you  or  he  may  appoint. 

I  enclose  herewith  two  copies  of  the  preliminary  report  of  the  Explosives  Com- 
mittee and  two  advance  copies  of  a  further  report  on  a  seventh  explosive. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  Servant. 

M.  Walton  Bkown, 

Secretary. 
The  Secretary  of  State, 

Home  Office,  Whitehall,  London,  S.W. 

Whitehall, 

22nd  July,  1895. 

Sir, — With  reference  to  your  letter  of  the  12th  instant,  I  am  directed  by  the 
Secretary  of  State  to  say  that  he  will  bear  in  mind  the  kind  offer  of  the  use  of  their 
explosives  testing  apparatus  which  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  make,  if  at  any  time  it  be  considered  desirable  to  make 
experiments  of  the  nature  indicated  in  your  letter. 

I  am  at  the  same  time  to  express  the  thanks  of  the  Secretary  of  State  for  the 
copies  of  Reports  on  explosives  forwarded  by  you. 

I  am,  Sir,  your  obedient  Servant, 

Kestelm  E.  Digby. 
The  Secretary  of  the  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers,  Newcastle-upon-Tyne. 

Mr.  G.  Beneke  (London)  wrote  that  the  material  used  in  the 
experiments  could  not  have  been  genuine  westfalit,  and  the  analyses 
made  by  Dr.  Bedson  and  Mr.  Saville  Shaw,*  bear  out  this  view.  Pre- 
suming that  genuine  westfalit  had  been  employed,  the  experiments 
must  be  condemned  as  most  unfair,  because  No.  8  detonators  were  used, 
containing  exactly  double  the  amount  of  fulminate  of  mercury  of  that  in 
No.  6  detonators,  which  were  employed  in  the  experiments  with  bellite, 
securite,  ammonite,  roburite,  carbonite,  and  ardeer  powder.  He  also 
desired  to  point  out  that  no  analytical  chemist  or  expert  in  explosives 
would  use  a  No.  8  detonator  to  ignite  such  a  small  quantity  as  1|  ounces 
of  explosive,  although  he  had  no  hesitation  in  recommending  the  use  of 
No.  8  or  No.  9  detonators  with  all  nitrate-of-ammonium  explosives 
provided  that  at  least  6  ounces  charges  were  employed. 

He  (Mr.  Beneke)  desired  to  add  that  he  had  as  yet  never  supplied  an 
ounce  of  westfalit  to  any  colliery  in  the  United  Kingdom,  and,  conse- 

*  Report,  page  71. 
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quently,  the  committee  could  not  have  procured  the  material  from  any 
English  mine.  Only  two  consignments  of  westfalit  had  been  shipped  to 
this  country.  One  parcel  of  1,780  lbs.  was  received  in  January,  1894,  by 
Mr.  D.  Paisley,  the  whole  of  which,  however,  is  held  under  an  injunction 
by  order  of  the  Court.  This  material  had  to  be  returned  to  Germany,  as 
it  was  faulty  and  unfinished,  being  the  result  of  the  first  attempt  to 
manufacture  westfalit.  The  second  parcel  of  2,000  lbs.  was  shipped  in 
August,  1894,  to  Messrs.  Benley  &  Company.  This  consignment  is  of 
proper  and  excellent  manufacture,  and  is  held  under  his  (Mr.  Beneke's) 
entire  control,  and  not  an  ounce  of  it  has  been  supplied  to  anybody.  He 
(Mr.  Beneke)  was  willing  to  experiment  with  genuine  westfalit,  under 
the  supervision  of  the  Explosives  Committee,  at  any  time ;  and  if  his 
offer  was  not  accepted,  as  soon  as  the  English  factory  is  completed,  he 
was  willing  to  furnish  the  committee  with  the  names  of  collieries  in  Great 
Britain  using  westfalit,  so  that  they  may  be  able  to  procure  samples  for 
experimental  purposes  under  their  own  conditions. 

The  results  of  numerous  experiments  made  at  Wigan  by  members  of 
the  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers,*  and 
at  Neunkirchen,  and  latterly  for  the  Austrian  Government,  give  westfalit 
first  place  for  safety  and  strength. 

A  most  daring  fraud  has  recently  been  perpetrated  upon  another 
explosive-manufacturer,  who  discovered  that  his  cartridges  had  been 
tampered  with  and  refilled  with  a  spurious  and  bad  imitation,  for  the 
express  purpose  of  doing  him  a  serious  injury.  It  was,  therefore,  no 
criterion  for  the  genuineness  of  westfalit  used  by  the  committee  that  the 
cartridges  bore  presumably  the  stamp  of  the  manufacturer  on  the  paper 
covers. 

Dr.  P.  Phillips  Bedson  (Newcastle-upon-Tyne)  wrote  that  in  "An 
Investigation  as  to  whether  the  Fumes  produced  by  the  use  of  Roburite 
and  Tonite  in  Coal-mines  are  Injurious  to  Health,"  read  before  The  Feder- 
ated Institution  of  Mining  Engineers,  there  was  an  analysis  given  of 
roburite,  which,  in  the  light  of  facts  recently  brought  under  his  (Dr. 
Bedson's)  notice,  required  explanation  and  correction.  As  stated  in  the 
paragraph  headed  "Composition  and  Analysis  of  Roburite,"f  this  explo- 
sive claims  to  be  manufactured  from  chlorinated  di-nitrobenzine  and 
ammonium  nitrate.  For  the  purposes  of  the  analysis  of  this  explosive  it 
appeared,  therefore,  sufficient  to  determine  the  proportions  of  ammonium 
nitrate  and  of  the  organic  constituent,  the  latter  by  its  insolubility  in 

*  Trans.  Fed.  Inst.,  vol  ix.,  page  29-1.         f  Trans.  Fed.  Inst.,  vol.  ii.,  page  396. 
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water  and  solubility  in  ether  is  easily  separated  from  the  ammonium 
nitrate,  and  its  amount  determined.  The  amount  of  the  ammonium 
nitrate  was  arrived  at  by  a  determination  of  the  ammonia  contained  in 
the  aqueous  extract  of  the  explosive.  The  organic  constituent  soluble 
in  ether  was  returned  in  the  analysis  as  chloro-dinitrobenzene,  and  its 
melting-point  given.  In  the  face  of  the  description  given  of  roburite  this 
was  deemed  sufficient,  and  it  was  not  considered  necessary  to  ascertain 
whether  the  organic  material  contained  chlorine,  seeing  that  there  was 
another  explosive  already  consisting  of  di-nitrobenzene  and  ammonium 
nitrate.  The  examination,  however,  of  recent  makes  of  roburite  prove 
that  this  attitude  was  not  entirely  justifiable,  as  he  (Dr.  Bedson)  had 
found  several  samples  examined  lately  to  consist  practically  of  mixtures 
of  ammonium  nitrate  and  of  di-nitrobenzene. 

He  (Dr.  Bedson)  therefore  wished  to  make  a  correction  in  the  analysis 
of  roburite  given  in  his  former  communication,  and  to  substitute  for 
chloro-dinitrobenzene  (soluble  in  ether)  nitrated  hydrocarbon  (portion 
soluble  in  ether)  ;  the  analysis  would  then  read  as  follows  : — 

Moisture 

Ammonium  nitrate   ... 

Nitrated  hydrocarbon  (soluble  in  ether) 

Matter  insoluble  in  ether  and  in  water 

Fixed  residue 

Totals       100-00  100-00 

Mr.  Harold  Bonser  (Leeds)  wrote  that  without  in  any  way  desiring 
to  make  the  discussion  an  opportunity  for  rival  explosives-manufacturers 
to  bolster  up  their  own  specialities,  he  wished  to  correct  an  impression 
which  may  have  been  created  in  the  minds  of  some  members  by  the 
remarks  of  Mr.  Orsrnan  as  to  the  liability  of  explosives  manufactured 
from  nit ro -glycerine  to  be  easily  detonated  by  dropping  weights  upon 
them.  Admitting  that  liquid  nitro -glycerine  is  highly  susceptible  to 
detonation,  when  manufactured  into  solid  explosives  it  loses  this  danger- 
ous attribute,  thus — weights  of  420  lbs.  have  been  dropped  upon  a  box 
containing  50  lbs.  of  dynamite  from  a  height  of  45  feet,  smashing  the 
box  to  pieces  without  detonating  the  explosive.  In  many  tests  made  in 
quarries,  boxes  have  been  dropped  from  high  places  and  smashed  to 
pieces  without  the  contents  being  detonated.  After  an  explosion  of  gas 
in  a  lead-mine  in  Derbyshire,  he  (Mr.  Bonser)  had  picked  up  pieces  of 
cartridges  of  gelatine-dynamite,  the  locker  containing  it  having  been 

*  Melting-point  between  78  degs.  and  82  degs.  Cent. 
j  Melting-point  85  degs.  Cent. 


No.  50. 

No.  51. 

1-14 

0-66 

83-35 

86-30 

11-67* 

11-74-f 

3-14 

1-09 

0-70 

0-21 
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destroyed  and  the  cartridges  broken  into  small  pieces  and  scattered  with- 
out the  explosive  being  detonated.  After  an  explosion  caused  by  ignition 
of  dust  in  a  colliery  in  Yorkshire,  the  cabin  at  the  pit-bottom,  which 
had  experienced  the  full  force  of  the  shock  of  the  explosion,  was  found  to 
contain  the  gelignite  intact,  although  it  had  been  knocked  about  by  the 
blast.  The  writer  has  seen  cartridges  of  gelignite  remain  undetonated 
after  being  dropped  down  a  shaft  1,800  feet  deep  on  to  a  rock-bottom. 

Mr.  Orsman  stated  that  "Nobel  detonators,  which  are  used  principally 
for  explosives  containing  nitro-glycerine,  contain  from  25  to  30  per  cent, 
of  chlorate  of  potash  mixed  with  the  fulminate  of  mercury,  whilst 
ordinary  detonators  contain  only  a  trace."*  The  following  analyses  of 
the  detonators  now  in  the  market  had  been  made,  viz.: — 


Nobel's 
West  Quarter. 

Tonite. 

Ammonite. 

Roburite. 

Fulminate  of  mercury 

...       80       ... 

568 

...        80 

82-20 

Chlorate  of  potash     . . . 

...       20       ... 

29-6 

...       20 

17-80 

Gun-cotton      

— 

136 

— 

— 

From  these  analyses  it  will  be  seen  that  there  is  more  than  a  trace  of 
chlorate  of  potash  in  all  these  detonators.  With  the  mixtures  contained 
in  these  detonators  a  certain  amount  of  flash  will  be  produced  on  ignition, 
and  if  fulminate  of  mercury  were  used  alone,  there  would  still  be  a  flash. 

He  (Mr.  Bonser)  had  charged  many  thousands  of  shots,  and  had 
therefore  had  considerable  experience  in  stemming ;  he  had  never  found 
anything  better  than  a  sun-dried  unburnt  brick,  i.e.,  clay,  such  as  the 
Explosives  Committee  had  used  in  their  experiments.  No  length  of 
stemming  will  prevent  a  blown-out  shot  if  it  be  placed  in  the  solid  or 
fast,  whilst  from  9  to  12  inches  will  serve  for  ordinary  shots.  He  (Mr. 
Bonser)  was  of  opinion  that  all  high  explosives  work  better  if  the  mouth 
of  the  shot-hole  be  filled  up  with  clay  after  about  12  inches  of  stemming 
has  been  placed  on  the  charge.  This  opinion  might  be  illustrated  by  the 
fact  that  a  very  small  portion  of  snow  in  the  muzzle  of  a  gun  would 
cause  the  barrel  to  burst  when  fired. 

Mr.  W.  C.  Blackett  pointed  out  that  Mr.  Bonser  referred  to  stem- 
ming with  "  sun-dried  unburnt  brick,  i.e.,  clay,  such  as  the  Explosives 
Committee  had  used  in  their  experiments."  He  understood  that  the 
stemming,  however,  used  by  the  committee  in  their  experiments  was 
moist  clay. 

Mr.  T.  Bell  (H.M.  Inspector  of  Mines)  referring  to  Mr.  Beneke's 
offer   to   supply   westfalit   for   experiment    stated    that    if    such    were 

*  Truns.  Fed.  Inst.,  vol.  ix..  pa^e  216. 
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accepted  by  the  committee  it  should  be  clearly  understood  that  the 
samples  would  be  submitted  to  analysis  and  to  practical  trials  in  the  mine, 
so  as  to  ensure  that  the  explosive  was  of  proper  strength  and  composition. 
It  was  possible  to  make  an  explosive  which  might  be  flameless,  but  which 
would  be  of  no  use  for  practical  work  in  the  mine. 

Mr.  M.  Walton  Brown  was  surprised  to  learn  the  result  of  Dr. 
Bedson's  further  analyses  of  roburite.  In  1890,  he  (Mr.  "Walton  Brown), 
from  information  he  had  at  that  time  received,  described  roburite  as  "  a 
mixture  of  nitrate  of  ammonium,  with  not  less  than  5  per  cent,  and  not 
more  than  12  per  cent,  of  chlorinated  dinitro-benzol  (containing  not 
more  than  4  per  cent,  of  chlorine).  The  samples  used  appeared  to  be  a 
mixture  of  87  parts  of  nitrate  of  ammonium  and  13  parts  of  chlorinated 
dinitro-benzol."* 

In  1891,  Mr.  "W.  J.  Orsman  stated  that  roburite  "differs  essentially 
from  other  nitrate  of  ammonia  mixtures  with  nitrated  hydrocarbons  in 
that  the  organic  body  is  first  chlorinated.  The  introduction  of  chlorine 
in  this  way  causes  more  easy  detonation  of  the  finished  explosive,  and 
reduces  the  temperature  of  detonation,  whilst  the  presence  of  chlorine 
compounds  in  the  ultimate  gaseous  products,  tends  to  still  further 
reduce  the  effect  of  the  escaping  heated  gases.  The  composition  is  as 
follows : — 86  per  cent,  of  nitrate  of  ammonium  and  14  per  cent,  of 
dinitro-chloro-benzol."t  Mr.  Orsman  also  stated  that  "the  chlorine 
present  in  the  dinitro-chloro-benzene  combines  with  the  hydrogen  to  form 
hydrochloric  acid,  which  exists  as  gas  when  the  shot  is  fired,  but,  on  the 
cooling  of  the  gases,  separates  out  with  the  condensed  water- vapour."  J 

In  1893,  Mr.  H.  Bigg-Wither  wrote  that  "roburite  consists  of  an 
intimate  mixture  of  chloro-dinitro-benzole  and  nitrate  of  ammonium.  The 
chlorine  is  intended  as  an  additional  flame-quenching  gas.§ 

More  recently,  Prof.  Vivian  B.  Lewes  stated  that  roburite  "is  a 
simple  mixture  of  nitrate  of  ammonium  with  chlorinated  meta-dinitro- 
benzol."  || 

The  authorized  definition  of  roburite,  as  licensed  in  this  country, 
is: — 

*  "  Experiments  with  Explosives  used  in  Mines."  Trans.  Fed.  Inst.,  vol.  ii., 
page  51. 

•j-  '•  Notes  on  the  Products  and  Temperature  of  Detonation  of  some  High  Explo- 
sives."    Hid.,  vol.  iii.,  page  95. 

J  Ibid.,  vol.  iv.,  page  126. 

§  "  Notes  on  Blasting  in  Coal-mines."     Ibid.,  vol.  vi.,  page  541. 

||  "  Mining  Explosives."     Ibid.,  vol.  ix.,  page  328. 
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Roburite  No.  1.  (insisting  of  (a)  nitrate  of  ammonium  with  or  without  an 
admixture  of  nitrate  of  solium  and  neutral  sulphate  of  ammonium,  or  either  of 
them,  provided  that  the  amount  of  nitrate  of  sodium  shall  in  no  case  exceed  50 
per  cent,  of  the  total  amount  of  nitrates  present  :  and  (Z»)  thoroughly  purified 
chlorinated  dinitro-benzol  with  or  without  the  addition  of  thoroughly  purified 
chloro-nitro-naphthaline  and  chloro-nitro-benzol :  provided  (1)  that  such  chlor- 
inated dinitro-benzol  shall  not  contain  more  than  4  parts  by  weight  of  chlorine  to 
every  100  parts  by  weight  of  chlorinated  dinitro-benzol :  and  (2)  that  the  propor- 
tions of  chloro-nitro-naphthalene  and  chloro-nitro-benzol  shall  not  amount  to  more 
than  2  per  cent,  and  5  per  cent,  respectively  of  the  finished  explosive.* 

Dr.  A.  Dupre,  the  chemical  adviser  of  the  Home  Office,  states  that  in 
1894  he  examined  one  sample  of  robnrite,  and  it  was  "passed,"  or  found 
to  comply  with  the  conditions  defined  in  the  license  under  which  it  is 
manufactured. f 

A  Member  mentioned  that  Mr.  Winkhaus  had  stated  that  "  roburite 
from  the  roburite  factory  at  "Witten-on-tke-Ruhr  "  consisted  "  of  dinitro- 
benzole,  17*8  per  cent. ;  nitrate  of  ammonium,  79'2  per  cent. ;  chloride  of 
ammonium  and  sulphate  of  ammonium,  0*3  per  cent. :  water  (damp 
arising  from  long  storage  of  the  sample),  2'7  per  cent.J  He  asked 
whether  the  chlorine  in  the  chloride  of  ammonium  was  equivalent  in 
its  action  to  that  in  chlorinated  dinitro-benzol  ? 

Mr.  "W.  C.  Blackett  remarked  that  the  manufacturers  had  always 
laid  considerable  stress  upon  the  presence  of  chlorine  in  roburite. 

Mr.  Bigg-Witeler  wrote  that  he  was  prepared  to  prove,  if 
necessary,  that  roburite  had  always,  without  exception,  been  made  with 
chlorinated  dinitro-benzole,  as  defined  in  the  license  published  annually 
by  H.M.  Inspectors  of  Explosives.  He  also  stated  that  the  detonators 
(marked  B)  supplied  by  the  Roburite  Explosives  Company  were 
guaranteed  by  the  makers  to  contain  95  per  cent,  of  fulminate  of 
mercury. 

The  discussion  was  then  adjourned. 

*  Nineteenth  Annua/  Report  of  H.M.  Inspectors  of  Explosives,  1894.  page  89. 

j  Ibid.,  page  19. 

t  "  Experiments  with  Explosives."     Trans.  Fed.  Inst.,  vol.  ix.,  page  259. 
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DISCUSSION  ON  MR.  J.  H.  DARBY'S  PAPER  ON  "THE 
SEMET-SOLVAY  COKE-OVEN."  * 

Mr.  John  H.  Darky  (Wrexham)  wrote,  concerning  the  criticism  that 
had  been  offered  in  reference  to  the  Semet-Solvay  coke-oven,  that  the  first 
point  seemed  to  be  whether  the  Semet-Solvay  oven  is  as  suitable  for 
coking-  rich  coals  containing  20  to  30  per  cent,  of  volatile  matter  as  other 
ovens.  He  is  able  to  say  that  these  coke-ovens  are  equally  well,  if  not 
better,  adapted,  and  are  at  the  present  time  coking  rich  coals  with 
excellent  results.  The  thin  walls  between  the  coke-ovens  and  the  flues 
had  been  found  in  practice  to  last  a  long  time  without  repairs,  wherever 
moderate  care  had  been  taken  with  the  coke-ovens.  In  one  works  they 
had  been  at  work  for  eight  years  and  in  another  for  five  years  without  any 
stoppage  for  repairs.  The  quality  of  coke  was  not  a  secondary  considera- 
tion with  Messrs.  Solvay  in  designing  these  ovens :  the  object  they  had  in 
view  was  to  design  an  apparatus  which  would  give  them  the  largest  yield 
of  by-products  combined  with  the  best  metallurgical  coke  obtainable. 
In  this  they  have  been  successful,  as  the  consumption  in  the  blast- 
furnace of  16*70  cwts.  of  Semet-Solvay  coke  per  ton  of  pig-iron  proved. 
The  yield  of  by-products  per  ton  of  coal  coked  is : — 

Tar         10£      gallons. 

Ammonia-liquor,  8  degrees  Twaddle          ...         21-6  ,, 

Light  oil,  specific  gravity  0-890       1-8  ,, 

In  stating  that  a  saving  of  2  cwts.  of  coke  per  ton  of  pig-iron  had 
been  obtained,  he  meant  to  say  that  in  working  the  same  blast-furnace, 
with  the  same  burden,  and  making  the  same  class  of  pig-iron,  a  reduction 
of  almost  exactly  2  cwts.  of  coke  per  ton  of  pig-iron  was  found  when 
using  Semet-Solvay  coke,  as  compared  with  the  same  furnace  working  on 
beehive  coke  made  from  the  same  class  of  coal. 

Mr.  A.  L.  Steavenson  stated  that  the  yield  of  coke  he  (Mr.  Darby) 
had  stated  was  impossible,  and  that  there  was  not  sufficient  fixed  carbon 
in  the  coal  to  give  the  yield  of  80'5  per  cent.  The  yields  he  (Mr.  Darby) 
had  given  were  from  actual  weights,  and  he  had  always  found  in  working 
these  coke-ovens  that  there  was  a  larger  yield  of  coke  than  the  theoretical 
percentage  of  fixed  carbon  in  the  coal  would  admit.  He  explained  this 
discrepancy  by  the  fact  that  a  quantity  of  carbon  was  deposited  from  the 
decomposition  of  the  gases  as  they  passed  through  the  red-hot  coke. 

*   Trans.  Fed.  Inst.,  vol.  ix..  pages  54  and  282. 
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This  fact  proved  to  his  mind  that  the  Semet-Solvay  coke-ovens  must  be 
perfectly  tight,  and  that  there  was  no  loss  by  combustion  of  the  carbon 
with  air  drawn  in  from  the  outside ;  he  thought  that  this  point  showed 
that  the  working  of  these  ovens  was  efficient  and  economical. 

The  coke  from  Semet-Solvay  ovens  watered  outside  was  no  doubt 
darker  in  colour  than  beehive  coke,  but  the  slight  darkness  of  colour  was 
no  detriment  to  the  economic  value  of  the  coke.  If  the  coke  was  properly 
watered  outside  the  ovens  the  percentage  of  water  which  it  contained 
might  be  kept  down  regularly  to  1  or  2  per  cent. 

Mr.  W.  Cochrane  stated  that  25  or  30  years  ago  he  adopted  a 
Belgian  oven  similar  in  type  to  the  Semet-Solvay.  He  (Mr.  Darby) 
believed  that  the  ovens  referred  to  were  4  feet  wide  inside  or  there- 
abouts, so  that  whatever  may  have  been  the  source  of  heat  and  its 
mode  of  application  it  was  an  absolute  impossibility  that  the  heat  could 
effectively  coke  the  coal  in  the  centre  of  this  huge  mass.  Coke  was  a 
bad  conductor  of  heat,  and,  therefore,  to  obtain  a  large  production  the 
ovens  must  be  reduced  in  width.  The  Semet-Solvay  coke-oven  was 
generally  made  between  12  and  18  inches  wide,  and  varied  according  to 
the  class  of  coal  to  be  treated.  The  weight  of  small  coke  and  breeze  was 
not  more  than  2  per  cent.,  and  from  the  statements  which  he  had  given  it 
appeared  that  the  coke  was  admirably  suited  for  blast-furnace  work. 

The  Semet-Solvay  coke-ovens  were  drawn  out  at  regular  intervals 
during  day  and  night.  The  height  of  the  blast-furnaces  in  which  the 
coke  had  been  used  varied  from  48  to  80  feet. 

"  The  much  desired  silvery  appearance,"  spoken  of  by  Mr.  L.  H. 
Armour,  is  of  absolutely  no  value  in  the  blast-furnace ;  this  is  proved  by 
the  fact  that  it  is  the  universal  practice  on  the  Continent  to  use  darkish- 
looking  retort-coke  in  the  blast-furnace,  and  it  must  be  admitted  that 
Belgium,  Germany,  and  Austria  are  pushing  British  iron-makers  hard 
in  the  question  of  cheap  and  efficient  production  of  pig-iron.  Mr. 
Armour  described  the  way  in  which  deposited  carbon  was  formed  in  coke- 
ovens  ;  this  deposition  of  carbon  takes  place  in  the  Semet-Solvay  oven  as 
in  other  ovens  giving  rise  to  the  increased  yield  of  coke. 

If  Semet-Solvay  coke  were  taken  red-hot  immediately  on  its  discharge 
from  the  oven  and  cooled  without  access  of  air  it  would  have  the  same 
silvery  appearance  as  beehive  coke  watered  inside  the  oven  ;  it  is  the 
action  of  the  water  on  the  coke  which  produces  the  darkish  colour  on  the 
outside  surface  of  the  deposited  carbon.  The  deposited  carbon  is  there 
without  doubt,  as  special  means  have  to  be  used  to  prevent  this  carbon 
from  furring  up  the  ovens  and  ascension-pipes,  and  considerable  quantities 
of  it  can  be  collected  from  this  source  alone. 
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It  is  the  fact  that  Semet-Solvay  ovens  will  pay  for  their  own  cost, 
including  recovery-plant,  in  two  to  two  and  a  half  years.  Mr.  Blackett 
remarks  that  the  Semet-Solvay  oven  has  only  made  this  profit  on  paper, 
but  he  (Mr.  Darby)  was  assured  that  his  statements  were  correct  and 
founded  on  practical  results. 

Semet-Solvay  ovens  have  been  working  for  8  years  with  the  same 
lining,  and  they  have  not  yet  required  renewals.  The  ovens,  however, 
are  designed  so  that,  in  the  case  of  renewals  being  required,  these  could 
be  easily  effected.  He  (Mr.  Darby)  did  not  wish  to  state  for  one  moment 
that  Semet-Solvay  ovens  never  wear  out,  because  they  do  so  after  a  fair 
life,  and  when  this  time  arrives  the  arrangement  he  had  spoken  of  affords 
ready  means  for  changing  the  parts. 

Mr.  B.  Dodd  remarked  that  the  cost  of  the  plant  and  the  speed 
and  economy  of  working  depended  upon  the  power  of  the  condensing- 
plant.  This  is  so  to  some  extent,  but  the  condensing-plant  must  be 
sufficient  for  the  maximum  production  of  the  ovens,  and  if  the  con- 
densing part  of  the  recovery-plant  is  properly  designed  there  will  be 
very  few  stoppages.  For  a  given  amount  of  coke  per  day,  he  denied 
that  larger  hoppers  were  required  for  the  storage  of  coal,  or  that  increased 
siding  and  waggon  accommodation  was  wanted.  The  coke  was  produced 
in  a  smaller  area,  and  a  considerable  saving  was  effected  in  the  siding 
accommodation.  No  doubt  the  question  of  Sunday  and  holiday  labour 
must  be  faced,  as  at  the  blast-furnaces ;  but  the  labour  required  was  of  a 
much  easier  and  less  exacting  kind  than  discharging,  for  instance,  the 
beehive  coke-oven  by  hand.  In  the  Semet-Solvay  oven  the  coke  was 
discharged  by  a  ram.  He  presumed  that  Mr.  Dodd  meant  that  one 
Cleveland  firm  had  used  coke  in  its  blast-furnaces,  77  per  cent,  of  which 
was  made  in  Simon-Carves  ovens,  and  the  same  price  was  paid  for  this  as 
for  beehive  coke.  It  would  seem  from  his  remarks  that  77  per  cent,  of 
the  coke  used  in  Cleveland  was  made  in  retort  ovens :  he  regretted,  for 
the  sake  of  coke-producers,  that  this  was  not  the  case. 

As  he  (Mr.  Darby)  had  before  stated,  and  judging  from  records  of 
results,  he  was  of  opinion  that  there  is  no  system  of  retort-oven  which 
produces  a  coke  capable  of  giving  such  economical  returns  in  the  blast- 
furnace as  the  Semet-Solvay  coke-oven. 

Mr.  A.  L.  Steavenson  said  that  since  the  last  meeting  he  had  seen 
some  ovens  drawn  of  a  similar  character  to  those  described  in  the  paper, 
and  very  excellent  coke  was  produced.  He  thought  that  the  makers  of 
retort-ovens   were   too    anxious  \  to  get  the  by-products,  and  had   not 
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sufficiently  allowed  the  coke  to  harden  after  the  gases  were  driven  off. 
The  coke  usually  came  out  of  the  ovens  with  a  soft  black  parting  in  the 
middle,  which  was  valueless ;  however,  on  this  occasion,  the  coke  when 
drawn  was  really  excellent. 

Mr.  W.  C.  Blackett  said  that  Mr.  Darby  had  misrepresented  some 
of  the  remarks  made  in  the  previous  discussion.  With  reference  to  his 
own  remarks,  he  did  not  say  that  Mr.  Darby's  figures  appeared  on  paper, 
but  what  he  did  say  was  that  "  he  took  the  basis  figures  used  for  the 
Semet-Solvay  ovens  and  applied  them  to  a  plant  of  coke-ovens,  such  as  he 
would  imagine  would  be  placed  in  the  category  of  "  despised  bee-hives," 
and  he  discovered  that  where  the  Semet-Solvay  oven  would  give  70  per 
cent,  of  profit,  the  bee-hive  oven  would  give  60  per  cent."*  In  this 
statement  he  had  not  taken  account  of  any  value  for  heating  the  boilers 
which  supplied  steam  at  the  colliery.  Of  course,  such  a  statement  was 
absolutely  valueless  in  practice,  and  it  was  obvious  that  if  a  low  price  of 
coal  was  taken  and  the  coke  was  put  at  the  top  price,  a  large  margin  of 
profit  was  shown  which  could  not  be  realized. 


DISCUSSION  ON  MR.  J.  D.  KENDALL'S  PAPER  ON 
"  MISS-FIRES."  f 

Mr.  J.  D.  Kendall  (Whitehaven)  wrote  that  he  had  been  making 
further  experiments  with  the  view  of  still  further  reducing  the  number  of 
accidents  resulting  from  the  use  of  explosives  in  mines.  He  had  already 
shown  that  defective  fuze  was  the  most  frequent  cause  of  miss-fires,  and 
he  had  since  been  endeavouring  to  remove  those  defects,  or  at  any  rate, 
the  risks  accompanying  them.  It  was  a  common,  if  not  a  universal, 
opinion  among  miners,  that  many  of  the  accidents  following  miss-fires 
were  due  to  the  fuze  hanging  fire.  A  careful  consideration  of  this 
subject  had  led  him  (Mr.  Kendall)  to  the  conclusion  that  hanging  fire 
could  only  be  certainly  prevented  by  employing  fuzes  from  which  threads 
of  every  kind  were  absent.  He  had  therefore  entirely  discarded  the 
ordinary  guttapercha  and  thread-fuzes  for  one  which  could  not  by  any 
possibility  hang  fire.  This  fuze,  the  "  ferruled-tube  fuze,"  is  made  of 
lead,  is  £  inch  in  diameter  outside,  and  has  a  T\  inch  powder-train  running 
through  it.  The  ordinary  detonators  used  with  nitro-glycerine  explosives 
being  nearly  £  inch  in  internal  diameter,  it  is  necessary  in  using  ferruled- 

*  Traits,  Fed.  Inst.,  vol.  ix.,  page  2>2. 

j  Ibid.,  vol.  vii.,  page  605,  and  vol.  ix.,  page  31. 
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tube  fuze  to  employ  a  ferrule  B,  as  shown  in  Fig.  1,  to  secure  a  proper  fit 
between  the  fuze  G  and  detonator  A.  A  longer  detonator  of  less  diameter 
would  not  be  so  suitable,  as  the  detonating  material  would  then  be  less 
concentrated.  In  using  this  fuze,  a  ferrule  is  slipped  on  its  end  before  it 
is  placed  in  the  detonator.    The  latter  is  then  gently  nipped  on  to  the  fuze 


Fig.  1. 

with  a  pair  of  detonator- pliers  and  is  ready  for  use.  It  has  been  suggested 
that  ferruled-tube  fuze  would  not  bear  the  rough  usage  generally  given  to 
fuze  by  miners,  but  he  (Mr.  Kendall)  had  had  holes  stemmed  with  it  in 
the  very  roughest  manner  likely  to  be  adopted  in  practice,  without 
interfering  in  the  least  with  its  action.  It  cannot,  however,  be  too 
strongly  insisted  on,  as  pointed  out  in  his  previous  communication,  that 
there  is  no  necessity  whatever  for  heavy  stemming,  and  therefore  no  need 
for  using  fuze  roughly.  It  has  also  been  thought  by  persons  who  have 
not  used  ferruled-tube  fuze  that  the  lead  of  wbich  it  is  made,  on  coming 
into  contact  with  the  fulminate  of  mercury  in  the  detonator  might 
possibly  cause  a  premature  explosion  of  the  latter,  but  numerous  experi- 
ments made  with  that  end  in  view,  have  shown  that  there  is  not  the 
least  fear  of  such  a  result.  He  (Mr.  Kendall)  had  sharpened  the  fuze  to 
as  fine  a  point  as  possible  and  scratched  the  detonating  material  with  it, 
but  had  not  been  able  to  produce  an  explosion.  In  addition  to  the 
greatly  increased  safety  which  results  from  the  prevention  of  hanging-fire 
by  the  use  of  the  ferruled-tube  fuze,  there  is  a  great  saving  of  time,  as  it 
is  unnecessary  for  the  miner  to  wait  more  than  a  minute  or  two  after  a 
miss-fire,  instead  of  about  twenty  minutes,  the  minimum  time  necessary 
for  safety  when  ordinary  thread-fuzes  are  in  use.  Another  most  important 
feature  of  ferruled-tube  fuze  is  that  it  produces  less  than  one-sixth  of  the 
smoke  given  off  by  thread  and  guttapercha-f uzes.  This,  of  itself,  is  a 
great  advantage,  especially  in  mines  or  workings  where  the  ventilation  is 
weak  ;  all  miners  who  have  used  the  fuze  speak  most  highly  of  it,  as  it 
allows  them  to  return  to  their  work  so  very  much  sooner  after  firing. 
The  ferruled-tube  fuze  is  not  more  expensive  than  the  best  guttapercha- 
fuze,  and  is  cheaper  than  leaden  fuzes,  which  are  made  thick  enough  to 
fit  ordinary  detonators.  Thin-tube  fuzes  having  no  means  of  fitting 
them  to  the  detonators,  cannot  be  used  with  anything  like  the  facility  or 
certainty  that  is  possible  with  ferruled-tube  fuze.  In  conclusion,  he  (Mr. 
Kendall)  submitted  that  if  holes  be  charged  as  previously  recommended 

VOL.  XLV.-1S95.96.  ^ 
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with  only  a  few  inches  of  stemming-,  and  if  ferruled-tube  fuze  be  used  to 
explode  the  charges,  accidents  from  miss-fires  will  become  a  thing  of  the 
past.  Any  of  the  ordinary  leaden  fuzes,  if  properly  made  would  prove 
efficient,  but  for  the  reasons  above-named  ferruled-tube  fuze  is  preferred. 


DISCUSSION  ON  MR.  R.  RUSSELL'S  PAPER  ON  "THE 
EXTENSION  OF  THE  WEST  CUMBERLAND  COAL- 
FIELD."   ETC.* 

Mr.  Burns  said  that  on  reading  this  paper  he  felt  a  little  disappoint- 
ment, inasmuch  as  he  thought  Mr.  Russell  would  have  dealt  more 
definitely  with  the  northern  extension  of  the  Coal-measures  especially. 
It  seemed  to  him  (Mr.  Burns)  that  the  extension  of  the  Cumberland 
coal-field  in  the  direction  of  the  Solway  towards  Silloth  and  Carlisle  was  the 
greatest  unsolved  mining  problem  in  the  North  of  England,  and  it  was 
desirable  that  an  authority  like  Mr.  Russell,  who  had  studied  the  geology 
of  Cumberland  so  minutely,  should  have  given  them  something  definite. 
It  seemed  to  him  that  Mr.  Russell  was  too  pessimistic  about  the  existence 
of  this  coal-field,  and  seemed  to  regard  the  connexion  between  the  red 
beds  on  the  north  and  the  exposed  Coal-measures  as  more  of  an  uncon- 
formity than  a  fault.  He  thought  there  could  be  little  doubt  that  there 
was  a  very  large  fault  running  north  of  the  known  Coal-measures,  and 
that  had  been  more  particularly  explored  at  Crosby,  and  he  did  not  think 
that  Mr.  Russell  explained  all  the  effects  in  connexion  with  that  explora- 
tion which  he  might  have  done. 

In  treating  of  the  southern  part  of  the  coal-field,  Mr.  Russell  made  it 
clear  that  the  red  beds  were  laid  unconformable  on  the  Carboniferous  beds 
below.  That  being  so,  the  disposition  of  the  red  beds  gave  no  necessary 
cine  to  the  disposition  of  the  Carboniferous  beds  below.  The  results  of 
the  Crosby  explorations  tended  to  show  that  there  was  a  series  of  faults, 
and  that  the  existence  of  the  red  measures  was  no  necessary  evidence  of 
the  absence  of  the  Coal-measures  to  the  north.  His  (Mr.  Burns')  idea 
was  that  the  evidence  of  a  very  large  downthrow  fault,  or  series  of 
faults,  from  Maryport  to  Aspatria  was  very  strong  indeed,  and  the 
exploration  of  them,  although  not  completely  satisfactory,  was  not  of  the 
negative  value  which  Mr.  Russell  attached  to  it. 

He  did  not  agree  with  the  criticism  of  Mr.  Kendall,  in  which  he 
blamed  Mr.  Russell  for  "  guessing  "  at  the  depth  of  the  Coal-measures 
from  Allonby  to  Carlisle,  because  Mr.  Russell  from  his  large  experience 
ought  to  be  able  to  estimate  very  nearly  the  depth  of  those  beds — if  they 
did  exist. 

*  Iran*.  Fed.  Inst.,  vol.  viii.,  page  276,  and  vol.  ix..  page  31. 
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DISCUSSION  ON  MR.  E.  W.  MOORE'S  PAPER  ON  "  IMPROVE- 
MENTS IN  BRICK-KILNS."* 

Mr.  Philip  Kirktjp  (Durham)  wrote  that  the  annexed  plans  (Figs. 
1,  2,  and  3)  showed  the  details  of  the  Anderson  hot-air  furnaces  used  at 
the  Cornsay  brickworks.  The  air  is  admitted  at  two  or  three  apertures 
at  the  side  of  the  furnace,  and  conveyed  by  channels  parallel  to  the 
furnace  to  the  crown  of  the  arch,  and  there  admitted  to  the  fire  to 
complete  the  combustion  of  the  fuel.     The  consumption  of  fuel  by  an 


Fig. 2. 


ordinary  Newcastle  brick-kiln,  fed  with  cold  air,  was  22i  cwts.  per 
thousand  for  8,000  3  inches  fire-bricks.  By  the  adaptation  of  the 
Anderson  hot-air  fires  to  the  same  kiln,  the  same  quantity  of  bricks  was 
burnt  equally  well  with  16j  cwts.  of  coal  per  thousand.  He  believed 
that  the  application  of  these  fires  to  round-shaped  down-draught  kilns 
would  probably  give  better  results. 

Mr.  R.  "W.  Moore  (Whitehaven)  wrote  that  the  results  obtained  by 
the  use  of  the  Anderson  hot-air  furnaces  at  the  Cornsay  brick- works  did 
not  equal  those  obtained  by  the  kilns  in  use  at  the  Seaton  fire-brick 

*  Trails.  Fed.  Inst.,  vol.  viii.,  page  26. 
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works,  near  Workington,  which  he  (Mr.  Moore)  had  described  in  his 
paper.  The  consumption  of  fuel  at  the  Cornsay  brick-works  was  16^ 
cwts.  of  coal  per  thousand  fire-bricks  burnt,  whereas  at  Seaton  the 
consumption  was  only  12  cwts.  of  the  poorest  quality  of  small  and  duff, 
which  was  absolutely  unsaleable.  Seaton  kilns  had  lately  been  erected  at 
the  Portland  colliery,  near  Kilmarnock,  and  at  the  Larbert  brick-works, 
near  Stirling,  and  had  given  great  satisfaction.  At  the  former  place 
the  average  time  occupied  in  burning  kilns,  containing  from  13,000  to 
15,000  fire-bricks,  had  been  thirty- five  hours,  and  the  average  cost  for 
coal  for  firing  (including  the  steaming  of  other  kilns)  was  Is.  9d.  per 
thousand.  The  bricks  in  the  Seaton  kiln  were  burnt  evenly  throughout. 
Without  knowing  the  actual  circumstances  at  the  Cornsay  brick-works, 
he  (Mr.  Moore)  was  inclined  to  think  that  the  application  of  increased 
heat  at  the  top  of  the  Cornsay  kilns  might  unduly  burn  the  uppermost 
bricks,  while  leaving  the  bottom  ones  soft.  He  also  wished  to  point  out 
that  the  Cornsay  kiln,  as  described  by  Mr.  Kirkup,  made  no  provision 
for  the  utilization  of  the  waste-heat  for  drying  or  steaming  the  contents 
of  other  kilns — the  special  feature  of  the  Seaton  kiln. 


Mr.  A.  L.  Steavenson  read  the  following  paper  on  "The  Mode  of 
obtaining  a  True  North  Line"  : — 
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THE  MODE  OF  OBTAINING  A  TRUE  NORTH  LINE. 


By  A.  L.  STEAVBNSON. 


The  subject  of  accurate  plans,  and  how  to  make  them,  is  one  which 
has  been  before  this  Institute  from  a  very  early  period  of  its  existence. 

In  March,  1856 — probably  the  first  meeting  at  which  the  writer  was 
present — the  President,  Mr.  Nicholas  Wood,  introduced  Mr.  Beanlands 
to  the  members,  saying  that  he  "  proposed  to  obtain  the  true  meridian 
in  the  workings  of  a  coal-mine,  and  so  enable  them  to  obtain  accurate 
surveys  with  the  theodolite."  Mr.  Beanlands,  in  reply,  said  that  "he 
had  first  attempted  to  effect  the  desired  object  by  observing  the  passage 
of  stars  across  the  zenith,  ....  but  the  method  was  attended 
in  practice  with  much  difficulty,"  and  that  he  had  therefore  "devised 
a  plan  for  effecting  the  same  object  by  observations  made  with  artificially 
illuminated  marks,  ....  the  direction  of  a  line  at  the  bottom 
of  the  shaft  being  fixed  with  reference  to  the  true  meridian."  * 

On  a  subsequent  occasion  Mr.  Beanlands  gave  the  Institute  a  very 
excellent  paper  on  "  Mining  Surveys,"!""  in  which  he  fully  described  his 
method  of  connecting  the  plan  of  the  surface  with  that  of  the  underground 
workings  by  means  of  the  transit  instrument — a  system  the  writer  believes 
to  be  the  only  reliable  one  for  pits  over,  say,  200  feet  in  depth,  or  where 
there  are  shafts  at  a  considerable  distance  apart,  affording  easy  communi- 
cation below. 

In  September,  1870,  Mr.  W.  F.  Howard  communicated  an  excellent  paper 
on  "  Practice  in  Underground  Surveying,^"  etc.,  and  he  (whilst  properly 
condemning  the  hedge  surveyor  of  the  old  school,  with  his  chain  and 
cross-staff,  who  occupied  but  did  not  fill  the  place  of  the  engineering 
surveyor  demanded  by  the  occasion,  and  the  dialler  of  the  old  school)  gave 
a  very  good  description  of  his  mode  of  using  the  fast  needle  and  his 
system  of  book-keeping.  Whilst  giving  the  preference  to  making  the 
survey  between  two  shafts,  to  the  system  of  Mr.  Beanlands,  he  says  "  it 
is  far  preferable  to  deriving  the  base  from  observation  by  a  transit 
instrument  down  a  shaft,"  in  which  opinion  the  writer  differs  from  him. 

*  Tram:  X.  E.  last.,  vol.  iv.,  page  121.  t  H>id->  vol.  iv„  page  267. 

X  Ibid.,  vol.  xx.  page  19. 
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But,  he  says,  "  the  most  convenient  basis  of  the  system  of  bearings 
.  .  .  .  is  undoubtedly — for  underground  surveying  and  its  subse- 
quent processes — a  meridian  line." 

This  paper  was  followed  by  one  from  Mr.  Beanlands  upon  "  Improve- 
ments in  Underground  Surveying,"*  in  which  he  gave  his  reasons  for 
maintaining  that  a  "  surveyor  ought  to  rely  principally  on  the  theodolite 
in  all  underground  surveys  of  large  extent,"  and  he  claimed  for  his  system 
of  connecting  the  plans  of  the  surface  and  of  the  underground  workings, 
that  the  bearing  of  an  underground  line  can  generally  be  determined 
within  one  minute  of  arc  which  corresponds  with  a  deviation  of  about  1 
inch  in  300  feet. 

Recently  Prof.  H.  Stroud  has  communicated  an  interesting  paper  upon 
"  Magnetic  Declination  and  its  Variations  "f  showing  that  the  magnetic 
needle  is  not  reliable  : — 

(1)  At  various  seasons  of  the  year. 

(2)  At  different  hours  of  the  day. 

(3)  That  the  needle  is  influenced  by  sun-spots. 

(4)  By  the  action  of  magnetic  earth-currents. 

(5)  Greatly  influenced  by  magnetic  storms ;  and  he  gives  the  instance 
of  one  on  February  14th,  1892,  when  a  change  of  declination  of  1°  40' 
was  clearly  shown  at  Kew  within  a  period  of  24  hours. 

In  the  course  of  the  discussion  upon  this  paper  Mr.  H.  Jepson  said, 
speaking  of  the  loose  needle,  that  "  the  difficulty  arose  in  properly  apply- 
ing a  suitable  correction  ....  by  one  method,  the  correction  had 
been  applied  by  ....  an  angle  estimated  to  be  sufficient  for  the 
declination  of  the  needle  for  the  lapse  of  time  since  the  meridian  had 
been  drawn,"  and  he  further  said,  "  when  a  new  surveyor  was  appointed 
at  a  colliery  he  generally  found  considerable  difficulties.  ....  not 
knowing  what  the  last  surveyor  had  used,  by  way  of  correction  for 
declination." 

Now  it  seems  remarkable  that  during  all  these  40  years,  when  the 
question  of  accurate  surveys,  correct  plans,  different  systems  of  surveying, 
and  of  connecting  surface  and  underground  plans,  together  with  the  value 
of  the  magnetic  needle,  has  been  before  us,  no  one  has  at  any  time  sup- 
plied the  much-felt  want  of  the  means  for  obtaining  the  true  north  line. 

It  may,  of  course,  be  said,  if  we  adopt  the  only  perfect  system  of 
connexion  between  surface  and  underground,  no  true  or  magnetic  north 

*  Trans.  N.E.  Inst.,  vol.  xx.,  page  85. 
X  Trans.  Fed.  Inst.,  vol.  vii.,  page  268. 
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line  is  needed  ;  it  is,  however  granted  by  Mr.  Beanlands  that  some  parts 
of  the  plan  such  as  the  details,  subsequent  to  plotting  the  main  lines,  may 
be  very  well  done  by  the  magnetic  needle.  And  of  course,  in  all  the  other 
systems,  whether  based  upon  the  fast  or  loose  magnetic  needle,  a  true  base- 
line, to  which  to  bring  not  merely  the  connecting-hues  of  the  survey,  but 
also  the  magnetic  needle  itself  to  be  tested  before  and  after  each  occasion 
on  which  it  is  in  use  is  imperatively  necessary.  What  do  we  find  in 
practice  ?  Probably  there  is  not  a  single  mining  plan  in  the  north  of 
England  on  which  there  is  not  to  be  found  a  line  which,  however  far 
from  the  fact,  is  given  as  the  north  line,  sometimes  the  year  to  which  it 
applied  being  added. 

Xow,  the  writer  contends  that  there  should  be  on  the  surface  at  each 
mine  a  meridian  line,  carefully  and  substantially  marked  out,  not  less 
than  600  feet  in  length. 

To  define  a  line  of  this  kind  is  really  a  simple  matter,  and  as  few 
have  been  found  by  the  writer  to  be  aware  of  the  method  of  doing  it, 
it  has  seemed  desirable  to  devote  a  short  time  to  the  demonstration 
of  what  it  involves,  viz.,  the  possession  of  a  theodolite  or  transit  instru- 
ment, an  Ordnance  Survey  map  of  the  district,  and  a  good  watch  carefully 
set  by  Greenwich  time. 

The  meridian  of  any  place  is  represented  by  a  line  drawn  through  it 
from  the  north  to  the  south  pole,  and  as  the  sun  or  stars  cross  this  line 
they  reach  their  greatest  elevation,  and  are  said  to  transit.  The  times  of 
right  ascension  or  transit  are  given  for  the  principal  stars  and  the 
sidereal  time  each  day  at  noon  in  the  Nautical  Almanac  and  also  in 
Whitaker's  Almanac  each  year.  Perhaps  the  shortest  and  best  way  to 
describe  the  modus  operandi  is  to  take  a  case,  and  suppose  that  the  writer 
wishes  to  describe  a  meridian  line  at  his  own  house. 

Referring  to  the  Ordnance  Survey  map,  and  with  a  parallel  ruler 
drawing  lines  vertical  and  horizontal  through  the  point  in  question,  he 
finds  that  the  latitude  is  54°  43'  49"  and  the  longitude  1°  36'  41"  and 
as  there  are  360  degs.  of  longitude  which  the  revolution  of  the  earth 
performs  in  24  hours,  he  finds  that  the  allowance  of  time  to  be  made 
for  the  position  west  of  Greenwich  is  6  minutes  26*7  seconds,  that  is 
to  say  local  time  at  Holywell  is  so  much  behind  Greenwich  time. 

Now,  with  respect  to  the  altitude  of  a  star,  the  elevation  is  given  as 
"declination."  Declination  is  measured  vertically  above  or  below  the 
the  equator,  aud  corresponds  to  latitude  on  the  earth's  surface,  and  the 
height  of  the  equator  corresponds  with  the  co-latitude  of  a  place,  that  is 
to  say,  its  height  on  the  meridian  is  equal  to  our  co-latitude,  thus : — 
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Degs.  Mins.  Sees. 

Constant        90       0       0 

Latitude  of  Holywell  54     43     49 


Co-latitude   or  height   of   the   equator   on   the 

meridian  at  Holywell  ...         ...  ...         35     1G     11 

Now  we  are  in  a  position  to  find  our  star  to-night,  say,  August  3rd. 

On  referring  to  WhitaTcer's  Almanac,  page  42,  we  find  that  on  August  3rd 

the  sidereal  time  at  mean  noon  is  8  hours  47  minutes  16  seconds,  and 

as  we  want  to  do  our  work  as  soon  after  dark  as  possible,  we  will  take 

a  star  passing  about   10  o'clock.     On  page  80,  we  find  that  the  star 

Vega  (a  Lyrse)  has  a  right  ascension  of 

Degs.  Mins.  Sees. 
18     33     23 
From  this  deduct  sidereal  time  of  August  3rd    ...         8     47     16 


9 

44 

30 

0 

6 

27 

9 

50 

57 

35 

16 

11 

38 

41 

10 

Difference       ...         ...         ...         ...         9    46       7 

From  this  we  must  deduct  the  difference  which 
has  occurred  between  our  mean  time  and  side- 
real time  since  noon,  at  the  rate  of  9 '85  or  10 
seconds  per  hour  ...         ...         ...         ...         ...         0       1     37 

Due  at  Greenwich     ... 
And  add  to  this  the  time-allowance  required  by 
our  longitude 

Then  Vega  passes  our  meridian  on  August  3rd  at 

But  we  must  next  find  the  elevation,  thus : — 

To  our  co- latitude      ...         ...         ...         

We  add  declination  of  Vega 

And  we  get  the  altitude       ...         ...         73     57     21 

If,  however,  this  is  too  high  to  be  seen  in  the  theodolite,  we  might 
take  the  star  jx  Sagittarii,  the  declination  being  —  21°  5'  10" :  in  this  case 
it  must  be  deducted  from  the  co-latitude,  being  a  minus  or  south 
declination. 

Having,  then,  a  good  watch,  carefully  set  by  Greenwich  time — say, 
by  the  gun  at  Shields — we  proceed  about  9"30  p.m.  to  put  the  theodolite 
in  position  to  observe  the  star,  which  the  instrument  very  soon  indicates 
for  a  few  minutes  before  the  watch  reaches  the  time  of  9  hours  50  minutes 
57  seconds  p.m.;  and  at  the  exact  moment  the  instrument  is  pointing  true 
south.  Before  making  permanent  marks  it  will  be  well  to  repeat  the 
observation,  both  on  other  stars  and  on  other  nights,  and  take  the 
average,  or  mean  of  them. 

In  conclusion,  it  seems  only  desirable  to  point  out  that  having  once 
got  this  base-line  or  meridian,  how  interesting  and  valuable  a  means  it 
affords  for  afterwards  checking  and  regulating  clocks  and  watches ;  to 


DISCUSSION* — THE  MODE  OF  OBTAINING  A  TRUE  NORTH  LINE.  57 

Bet  a  transit  instrument  for  a  given  star  on  a  fine  clear  night,  watch  it 
appear  in  the  field  of  observation,  exhibiting  as  it  does  the  incomprehen- 
sible regularity  of  the  heaver:  -.is  a  delightful  recreation,  which 
has  served  to  amuse  and  occupy  the  writer  for  many  years,  and  induces 
him  to  encourage  his  hearers  and  readers  to  try  it. 


Mr.  Steavenson  said  that  a  slight  correction  was  required  for  latitude 
to  find  the  elevation,  but  it  was  so  very  small  that  it  was  not  sufficient  to 
carry  the  star  outside  the  range  of  the  instrument,  and  it  was  an  easy 
matter  to  raise  or  lower  it  to  the  position  required. 

Mr.  A.  Beanlands  remarked  that  the  method  proposed  by  Mr. 
Steavenson,  though  theoretically  correct,  was  subject  to  the  disadvantage 
that  it  required  the  time  to  be  fixed  with  great  precision.  If  the  meridian 
hue  was  to  be  determined  from  the  transit  of  a  star  in  the  southern  quarter 
of  the  heavens,  or  near  the  celestial  equator,  it  should  be  borne  in  mind 
that  such  a  star  would  be  moving  from  east  to  west  at  the  rate  of  1° 
in  4  minutes,  or  15'  in  one  minute  of  time,  and  accordingly,  in  order 
to  determine  the  direction  of  the  meridian  within  1'  of  arc,  the  time  of 
transit  must  be  ascertained  correctly  within  about  4  seconds.  He  did  not 
think  that  the  true  time  could  generally  be  fixed  with  this  degree  of 
accuracy  in  mining  districts. 

In  the  observations  which  he  (Mr.  Beanlands)  had  made  to  determine 
the  meridian  fine  he  had  preferred  to  avail  himself  of  the  Pole  Star. 
This  was  always  visible  on  a  clear  night,  and  owing  to  its  slow  motion  an 
error  of  1  minute  in  the  time  of  observation  would  only  affect  the  result 
to  the  extent  of  35',  a  little  more  than  half  a  minute  of  arc. 

There  were  several  different  methods  which  might  be  adopted  in 
observing  the  Pole  Star,  using  for  this  purpose  the  transit  theodolite. 
Some  of  these  methods  he  proposed  briefly  to  describe  : — 

(1)  The  Pole  Star  might  be  observed  on  the  meridian  either  at  its 
upper  or  lower  transit,  the  time  being  determined  in  the  manner  explained 
by  Mr.  Steavenson.  He  (Mr.  Beanlands)  thought  it  would  be  more  con- 
venient however  to  obtain  the  time  of  transit  from  the  data  furnished  by 
the  Nautical  Almanac.  If  they  referred  to  page  III.  in  each  month  of 
that  almanac  they  would  find  a  column  giving,  for  each  day.  the  "  Mean 
Time  of  transit  of  the  First  Point  of  Aries."  The  time  of  transit  of  the 
Pole  Star  would  be  found  by  adding  to  this  the  right  ascension  of  the 
star  as  given  on  pige  290.  The  lower  transit  would  take  place  about  12 
hours,  or  more  correctly  11  hours  58  minutes  after  the  upper  transit. 
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(2)  A  meridian  line  might  be  determined  by  observing  the  Pole  Star, 
in  conjunction  with  another  star  having  the  same,  or  nearly  the  same, 
right  ascension,  or  differing  from  it  by  12  hours  in  right  ascension. 
This  method  was  described  by  Mr.  Bennett  Brough  in  his  treatise  on 
Mine  Surveying*  Perhaps  the  most  convenient  star  for  the  purpose 
was  £  (zeta)  in  the  constellation  Ursa  Major — in  other  words,  the  middle 
star  in  the  tail  of  the  Great  Bear.  The  time  of  transit  must  first  be 
ascertained  approximately  ;  and  the  theodolite  being  previously  adjusted, 
the  telescope  must  be  pointed  to  the  Pole  Star,  which  must  be  bisected  with 
the  cross-wires.  The  instrument  being  then  clamped  in  azimuth,  the 
telescope  must  be  lowered  nearly  to  the  horizon,  when  the  star  £ 
(Ursa  Major)  would  be  seen  at  an  altitude  of  about  5  degs.  "Without 
altering  the  horizontal  position  of  the  instrument,  the  star  must  then  be 
watched  until  it  appeared  in  the  centre  of  the  field  of  view.  The  telescope 
should  then  be  raised  and  directed  to  the  Pole  Star,  which  should  be 
again  bisected,  if  necessary,  by  means  of  the  tangent-screw.  In  this  way 
we  could  obtain  the  direction  of  the  Pole  Star  when  the  other  star  £ 
(Ursa  Major)  was  in  the  same  vertical  plane.  This  method  would  give 
the  meridian  line  with  considerable  precision.  This  observation,  how- 
ever, could  only  be  made  in  the  autumn  and  winter,  when  the  Pole  Star 
would  be  visible  at  its  upper  transit  during  the  hours  of  darkness. 

There  were  two  other  stars,  however,  which  might  be  conveniently 
observed  in  conjunction  with  the  Pole  Star  at  its  lower  transit.  These 
were  3  (delta)  Cassiopeia  in  the  northern  hemisphere,  and  Spica  or  a 
(alpha)  in  the  southern  constellation  Virgo.  These  stars  would  both  be 
seen  on  the  meridian,  almost  precisely  at  the  same  time  as  the  Pole  Star ; 
and  by  directing  the  transit-instrument  so  as  to  observe  all  the  three  stars 
in  the  same  vertical  plane,  a  very  good  determination  of  the  meridian 
line  might  be  obtained. 

The   constellation   Cassiopeia   could   be 

easily  recognized,  as  it  was  always  visible  in 

#,y  £        the  northern  hemisphere,  being  about  the 

same  distance  from  the  Pole  Star  as  Ursa 

Major  in  the  opposite  direction.     The  prin- 

&x  cipal  stars  were  five  in  number,  arranged  in 

Fig.  i.  a   zigzag   form   (Fig.   1),  and  the  star  in 

question  was  the  fourth  in  order,  counting  from  east  to  west,  when  the 

constellation  was  below  the  pole. 

*  Page  48. 
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The  star  Spica  would  be  at  once  recognized  towards  the  south  at  an 
elevation  of  about  25°.  There  was  no  other  very  bright  fixed  star 
near  it,  but  occasionally  one  of  the  brighter  planets,  Mars,  Jupiter,  or 
Saturn,  would  appear  in  this  quarter  of  the  heavens,  and  might  possibly 
be  observed  by  mistake.  These  stars,  Spica  and  5  Cassiopeia,  might  be 
conveniently  observed,  in  conjunction  with  the  Pole  Star,  during  the 
earlier  months  of  the  year,  from  about  January  15th  to  May  10th. 

(3)  Another  method  was  to  observe  the  Pole  Star  six  hours  before  or 
after  the  upper  transit,  when  at  its  greatest  distance  east  or  west  of  the 
meridian.  This  observation  might  be  made  with  considerable  precision, 
as  the  star  would  then  be  apparently  moving  in  a  vertical  direction. 
During  the  winter  months  it  would  be  most  convenient  to  observe  the 
star  six  hours  after  the  upper  transit,  at  its  farthest  distance  to  the 
west.  The  instrument  should  be  fixed  and  adjusted  somewhat  before 
the  time  specified,  and  pointed  to  the  star  which  would  then  appear, 
with  an  inverting  telescope,  to  be  moving  slowly  upwards,  and  diverging 
slightly  to  the  right.  The  star  should  then  be  followed  by  means  of 
the  tangent-screw,  until  it  had  reached  its  farthest  point  westward,  and 
apparently  to  the  right.  If  the  telescope  was  now  lowered  to  the 
horizontal  position  it  would  point  in  a  direction  inclined  at  an  angle 
of  2°  10'  west  of  the  true  meridian,  and  accordingly  it  was  simply  neces- 
sary to  move  the  instrument  in  azimuth  towards  the  east,  through  this 
small  angle,  as  shown  by  the  verniers.  The  correction,  2°  10',  was 
calculated  for  the  present  year,  and  for  the  latitude  54°  45'.  For  places 
somewhat  north  of  Newcastle  it  rni°-ht  be  stated  as  2°  11'.  Owing  to 
the  slow  progressive  increase  in  the  star's  declination,  this  angle  would  be 
slightly  reduced  in  future  years,  the  change  being  at  the  rate  of  about 
1'  in  two  years.  It  was  scarcely  necessary  to  remark  that  if  the  star 
were  observed  in  this  way  six  hours  before  its  upper  transit,  as  it  might 
be  during  the  summer  months,  it  would  then  be  at  its  greatest  distance 
east  of  the  meridian,  and  the  correction  of  2°  10'  would  have  to  be  made 
towards  the  west. 

(4)  There  was  yet  another  method  which  might  be  adopted  in  the 
months  of  December  and  January.  At  this  time,  the  star  might 
be  observed  twice  during  the  same  night,  with  an  interval  of  twelve 
hours.  The  first  observation  would  be  made  early  in  the  evening  when 
the  Pole  Star  would  be  near  its  upper  transit.  A  mark  should  then  be 
fixed  at  a  convenient  distance  in  the  direction  given  by  the  star.  The 
observation  should  then  be  repeated  on  the  following  morning  after  an 
interval  of  11  hours  58  minutes,  when  the  star  would  be  near  its  lower 
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transit,  the  theodolite  being  fixed  on  the  same  centre,  and  a  distant 
mark  put  down  as  before.  It  was  clear  that  whatever  might  be  the 
deviation  of  the  star  from  the  meridian  at  the  evening  observation, 
there  would  be  the  same  deviation,  in  the  opposite  direction,  at  the 
morning  observation,  and  accordingly  if  we  took  the  middle  point 
between  the  two  distant  marks,  this  point,  as  seen  from  the  instrument, 
would  give  the  direction  of  the  meridian  line.  This  method,  though 
not  theoretically  exact,  would  be  sufficiently  near  for  all  practical 
purposes. 

He  (Mr.  Beanlands)  considered  that  each  of  the  foregoing  methods 
was  suitable  for  the  purpose  required,  and  might  be  recommended  for 
general  adoption.  They  were  all  sufficiently  accurate,  and,  with  one 
exception,  they  required  no  special  determination  of  the  time.  More- 
over, they  might  be  employed,  one  or  other  of  them,  almost  at  any 
period  of  the  year. 

Mr.  J.  A.  Rims  ay  said  he  would  like  to  ask  if  the  meridian  line  was 
really  necessary  for  keeping  a  colliery  plan.  He  did  not  exactly  see  how 
they  could  do  without  a  meridian  line,  but  for  real  accuracy  he  believed 
they  would  have  only  the  theodolite  to  depend  upon.  Mr.  Beanlands 
held  the  view  that  the  greatest  accuracy  could  be  had  by  taking  a  sight 
down  the  shaft.  By  looking  down  a  shaft  they  could  not  have  a  base- 
line longer  than  the  diameter  of  the  pit,  but  if  there  were  several  pits,  a 
very  much  longer  base-line  could  be  got  from  the  centres  of  two 
pits. 

Mr.  Beanlands  observed  that  in  using  the  theodolite  it  was  important 
to  obtain  a  proper  connexion  between  the  surface  and  underground 
surveys.  This  might  be  done  by  means  of  two  shafts,  as  suggested  by 
Mr.  Ramsay ;  but  th?  value  of  this  method  depended  very  much  on  the 
position  of  the  two  shafts.  Even  in  favourable  cases  it  would  require  a 
survey  of  great  accuracy  to  give  a  result  which  would  compare  with  that 
obtained  by  the  transit  instrument.  He  (Mr.  Beanlands)  had  determined 
the  bearing  by  the  transit  instrument  in  more  than  fifty  collieries,  and  in 
some  cases  he  could  prove  that  the  error,  if  any,  was  much  less  than  1'  of 
arc.  He  had  occasionally,  though  rarely,  made  use  of  the  datum  afforded 
by  two  shafts.  If,  however,  it  was  necessary  to  make  the  survey  between 
the  shafts  simply  to  obtain  the  necessary  connexion,  the  method  would 
usually  be  much  more  laborious  than  using  the  transit  instrument,  partic- 
ularly if  the  underground  survey  was  very  circuitous,  and  the  result  would 
be  inferior  in  point  of  accuracy. 
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Mr.  D.  Burns  asked  if  it  had  ever  been  suggested  to  use  an  under- 
ground dial  made  on  the  principle  of  Lord  Kelvins  mariner's  compass, 
with  short  needles  designed  to  minimise  the  influence  of  magnetic 
surroundings.  He  agreed  with  Mr.  Ramsay  that  if  two  permanent 
surface-objects  were  accurately  set  down  on  a  colliery-plan  and  the 
underground  workings  accurately  plotted  with  reference  thereto,  these 
permanent  marks  would  serve  the  same  purpose  as  a  true  meridian-line, 
and  give  permanent  value  to  the  survey. 

Mr.  J.  A.  Ramsay,  after  hearing  Mr.  Beanlands'  observations,  said 
that  he  did  not  think  there  was  any  difference  between  them.  At  the  last 
meeting  he  understood  Mr.  Beanlands  to  say  that  he  would  rely  absolutely 
on  the  sight  of  the  transit-instrument  down  the  shaft,  but  now  Mr. 
Beanlands  said  that  failing  another  adjacent  shaft  it  was  certainly  the 
best  way  to  make  an  accurate  survey.  He  (Mr.  Ramsay)  had  not  done 
such  accurate  work  with  a  magnetic  compass  as  with  the  theodolite  ;  he 
was,  however,  of  opinion  that  the  theodolite  properly  adjusted  was  an 
instrument  to  be  thoroughly  relied  upon  for  accuracy. 

Mr.  A.  L.  Steavenson  said  that  with  regard  to  Mr.  Beanlands' 
preference  for  the  north  star,  that  star  was  a  difficult  object  to  reach, 
owing  to  its  altitude.  One  great  object  of  making  these  observations 
was  to  obtain  the  variation  of  the  compass,  and  it  was  not  necessary  to 
be  accurate  to  a  minute  part  of  a  second  ;  therefore  to  do  as  he  had 
suggested  and  to  repeat  the  observations  a  few  times  would  render  it 
practically  accurate. 


Mr.  T.  Elwen  read  the  following  paper  on  "  The  Resistances  of  Air- 
currents  in  Mines  "  : — 
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THE  RESISTANCES  OF  AIR-CURRENTS  IN  MINES. 


By  T.  L.  ELWEN. 

The  writer  had  been  requested  to  repeat  the  experiments  recorded 
in  his  former  paper  on  "  The  Effect  of  an  Obstruction  in  the  Air-way 
of  a  Mine,"*  and  with  the  view  of  having  the  results  confirmed  by 
the  use  of  the  Konig  water-gauge, f  he  has  carefully  made  additional 
experiments,  the  results  being  recorded  below. 

The  construction  and  arrangement  of  the  obstructions  were  identical 
in  every  particular  with  those  used  in  the  previous  experiments,  with  the 
addition  of  the  Konig  water-gauge  placed  side  by  side  with  the  ordinary 
water-gauge,  the  difference  of  pressure  being  read  from  each.  (Figs.  1 
and  2.) 

The  volume  of  air  was  less  than  in  the  preceding  experiments,  and 
the  effect  of  this  is  shown  in  each  reading,  yet  the  principle  is  the  same 
throughout  the  whole  operation,  which  confirms  the  statements  made  by 
the  writer  in  his  previous  paper. 

Experiment  No.  1. 

The  obstruction  and  the  tail-brattice  D  and  E  at  each  end  having 
been  erected,  the  following  observations  were  made  : — 

Volume  of  air  per  minute ...         ...  18,720  cubic  feet. 

Velocity  of  air-current  per  minute  at  water-gauge        780  feet. 
Velocity  of  air-current  per  minute  at  pipe-end  ...         726     ., 
Water-gauge,  ordinary  ...         ...         ...         ...      0-225  inch. 

„  „       Konig 2-283  inches. 

Experiment  No.  2. 
In  this  experiment  advantage  was  taken  of  adjoining  ventilating- 
doors  to  divert  part  of  the  air-current.     The  object  being  to  ascertain 
the  effect  of  a  reduction  of  volume  under  conditions  similar  to  those  of 
experiment  No.  1 .     The  following  results  were  observed  : — 

Volume  of  air  per  minute    11.232  cubic  feet. 

Velocity  of  air-current  per  minute  at  water-gauge        360  feet. 
Velocity  of  air-current  per  minute  at  pipe-end  ...         420    „ 

Water-gauge,  ordinary  ...  ...         ...         ...  0*075  inch. 

„  „       Konig -. 0-7865     „ 

*  Trans.  Fed.  last.,  vol.  ix.,  page  36.  f  Ibid.,  vol.  iii.,  page  452. 
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"With  similar  ventilating  arrangements,  and  with 
the  whole  of  the  brattice  and  obstruction  removed, 
the  quantity  of  air  per  minute  was  12,462  cubic 
feet. 

EXPERIMENT    NO.    3. 

The  ventilation  in  this  case  was  in  its  normal 
course,  or  under  conditions  similar  to  those  prevail- 
ing in  experiment  Xo.  1.  The  out-bye  end  of  the 
brattice  D  was  taken  down,  the  obstruction  C  and 
brattice  E  remaining  in  position.  The  following- 
are  the  results  : — 


Volume  of  air  per  minute... 
Velocity  of  air-current  per  minute 

at  water-gauge 
Velocity  of  air-current  per  minute 

at  pipe-end 
Water-gauge,  ordinary 
..      KSnig 


18,278  cubic  feet. 

832  feet. 

692     „ 
0-235  inch. 
2-204  inches. 


Experiment  Xo.  4. 

The  in-bye  end  of  the  brattice  E  was  taken  down, 
leaving  the  obstruction  C  only  in  position.  The 
results  were  as  follows  : — 

Volume  of  air  per  minute...         ...  17,355  cubic  feet. 

Velocity  of  air-current  per  minute 

at  water-gauge           662  feet. 

Velocity  of  air-current  per  minute 

at  pipe-end      ...  512     ,, 

Water-gauge,  ordinary      ...         ...  O350  inch. 

.,          .,      Konig          ...         ...  3-461  inches. 

Experiment  Xo.  5. 

To  ascertain  what  difference,  if  any,  existed  in 
having  the  velocity  of  the  current  gradually  brought 


Fig  l-Plan. 
Scale,  \2  feet  to  1  inch. 

References. 

— t>  Direction  of  air- 
current, 
C. — Obstruction. 
D.—  Outbye  brattice. 
E  — Inbye  brattice, 
iv- Water-gauge. 
FG. — Iron  pipe. 
FH.— Hose  pipe. 


V —a'--- 


Fig  2— Section  of  Obstruction  C. 
Scale,  6  feet  to  1  inch. 
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up  to,  and  the  swirling-  and  eddying  as  it  leaves  the  obstruction,  the  out- 
bye  end  of  the  brattice  D  was  re-erected,  and  the  obstruction  Cleft  in 
position.     The  results  were  as  follows  : — 

Volume  of  air  per  minute    ...         ...         ...         ...  17,610  cubic  feet. 

Velocity  of  air-current  per  minute  at  water-gauge  724  feet. 

Velocity  of  air-current  per  minute  at  pipe-end  ...  692 

Water-gauge,  ordinary          ...         ...         ...         ...  0'275  inch. 

.,      Konig 2-680  inches. 

Experiment  No.  6. 

As  a  correction  in  working  out  the  pressures  it  was  necessary  to. 

ascertain  the  amount  of  pressure  lost  on  the  rubbing  surface.     For  this 

purpose  the  whole  of  the  obstruction  C  and  the  brattices  D  and  E  were 

removed.     The  results  were  as  follows  : — 

Volume  of  air  per  minute    ...         ...         ...         ...  20,943  cubic  feet. 

Velocity  of  air-current  per  minute  at  water-gauge  S00  feet. 

Velocity  of  air-current  per  minute  at  pipe-end  ...  780      „ 

Water-gauge,  ordinary         ...  not  ascertainable. 

Konig             ...          ...         ...         ...  0-1575  inch. 

In  this  experiment  it  was  considered  unnecessary  to  extend  the  length 
of  the  airway  in  order  to  obtain  a  reading  of  the  ordinary  water-gauge,  as 
was  done  in  the  experiments  recorded  in  the  previous  paper,  for  the  Konig 
water-gauge  gave  the  reading  quite  easily,  thus  showing  the  efficiency  of 
this  instrument  for  detecting  small  differences  of  ventilating  pressure. 
The  value  of  the  coefficient  of  friction  calculated  from  this  experiment  is 
practically  the  same  as  that  previously  obtained  by  the  writer  of  this  paper, 
viz.,  0*0042  pound  per  square  foot.* 

The  coefficient  of  the  vena  contractu  in  experiment  No.  4  is  0'75. 

In  Table  I.,  column  6,  will  be  found  recorded  the  total  amount  of 
resistance  met  with  by  the  air-current  in  passing  the  obstruction  from  A 
to  B,  under  the  conditions  therein  stated.  Column  7  shows  the  loss  of 
pressure  due  to  the  air-current  rubbing  against  the  sides,  top,  and 
bottom  of  the  air-way  from  A  to  B,  calculated  by  using  the  coefficient  of 
friction  (0"004  lbs.),  specially  obtained  for  this  length  of  air-way,  and  based 
on  the  assumption  that  the  air-current  travels  in  a  straight  line,  which 
however  is  not  so,  and  also  disregarding  the  losses  and  gains  of  pressure 
owing  to  the  continual  alteration  of  velocity  of  the  air  in  moving  from  A 
towards  B.  By  subtracting  column  7  from  column  6,  the  results  shown 
in  column  8  are  obtained,  expressing  the  loss  of  pressure  over  and  above 
that  contained  in  column  7.  The  proportion  that  the  results  shown  in 
column  7  bear  to  that  of  column  6  is  shown  in  column  9. 

*  Trans.  X.E.  Inst.,  vol.  xxxviii.,  page  215  :  and  Trams.  Fed.  Inst.,  vol.  ix.,  page  39. 
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Table  I.— Summary  of  Results  of  Experiments. 
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Cub.  Ft. 

Lbs. 

Feet. 

Feet. 

Lbs. 

Lbs. 

Lbs. 

1 

Obstruction     C    and 

brattices  D  and  E 

]S,720 

1-187 

780 

726 

1-214 

0-520 

0-694 

0-43 

2 

Obstruction     C    and 

brattices  2?  and  E 

*  11,232 

0-109 

360 

420 

0-424 

0-186 

0-238 

0-44 

3 

Obstruction    C    and 

brattice  E 

18.278 

1-146 

832 

692 

1-216 

0-268 

0-948 

0-22 

4 

Obstruction  C 

17,355 

1-801 

662 

512 

1-859 

0-061 

1-798 

0-03 

0 

Obstruction     C    and 

brattice  D 

17.610 

1-393 

724 

692 

1-409 

0-315 

1-094 

0-22 

6 

No  obstructions 

20,943 

0-082 

800 

7S0 

0-092 

0-004 

— 

— 

(1) 

(2) 

(3) 

(*) 

(5) 

(6) 

(7) 

(8) 

(9) 

*  With  all  obstructions  removed  the  volume  of  air  was  12.462  cubic  feet  per  minute. 


Table  II. 


No.  of 
Experi- 
ment. 

Conditions  of  Experiment. 

Decrease 
of  Air. 

Increase 
of 

Pressure. 

Reduction  of 

Volume  of 

Air,  the  Open 

Air  way  being 

aken  as  a 

Basis. 

1 
2 
3 
4 
5 

Obstruction  C  and  brattices  D  and  E ... 
Do.                              do. 

Obstruction  C  and  brattice  E 

Obstruction  C 

Obstruction  C  and  brattice  D    ... 

Per  Cent. 
Ba 

2 

7 
6 

Per  Cent, 
sis. 

36 
159 

58 

Per  Cent. 
10 
10 
12 
17 
16 

The  difference  in  this  air-way,  between  having  an  obstruction  C  with 
its  attendant  brattices  D  and  E  and  no  obstruction  at  all,  will  be  seen  by 
comparing  Nos.  1  and  6  experiments.  Even  in  this,  the  most  favourable 
comparison,  there  is  a  great  loss  of  pressure,  and  a  reduction  in  the 
quantity  of  air,  due  to  the  conditions  existing  in  No.  1  experiment.  A 
certain  amount  of  this  loss  is  accounted  for  in  column  7,  and  the  remain- 
der is  due  (so  far  as  the  writer  can  see)  to  the  continual  changes  of 
direction  of  the  air-current,  and  also  to  the  varying  velocity  of  the  air, 
increasing  as  it  proceeds  from  A  towards  the  obstruction  C,  which  in- 
volves an  expenditure  of  power  in  creating  the  increased  velocity  at  every 
step  in  its  progression. 
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The  Konitr  water-gauge  used  in  these  experiments  gives  readings  ten 
times  the  amount  of  the  ordinary,  water-gauge. 


The  following  paper  on  "  A  Deposit  found  at  Benwell  Colliery,  Ben- 
well,  Northumberland,"  by  Messrs.  J.  C.  Murton  and  Saville  Shaw,  was 
taken  as  read : — 
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A  DEPOSIT  FOUND  AT  DELAVAL  COLLIERY,  BENWELL, 
NORTHUMBERLAND. 


By  CHAS.  J.  MURTON  and  SAVILLE  SHAW. 


The  low  main  coal-seam  at  Delaval  colliery  in  which  this  deposit  is 
found  has  been  worked  very  extensively  at  this  and  neighbouring  pits  in 
olden  times ;  but  thanks  to  the  difficulties  of  various  kinds  with  which  the 
"old-man"  had  to  contend,  such  as  creep,  water,  and  probably  gas,  large 
tracts  of  the  seam  were  formerly  abandoned  or  purposely  left  as  natural 
barriers  either  against  the  approach  of  creep  or  against  water,  and  in 
these  areas  modern  workings  have  been  carried  on  for  many  years.  The 
seam  is  a  combination  of  the  low  main  coal-seam  and  the  five-quarter 
coal-seam  lying  immediately  above  it. 

It  may  be  noted  that  in  this  locality  the  value  and  nature  of  the 
workable  seams  are  found  to  be  altering.  Northward  and  eastward 
the  preponderance  in  number  and  thickness  of  the  coal-seams  is  above  the 
low  main  coal-seam,  the  quality  being  that  which  has  supplied  the  steam- 
coal  trade  of  the  North  of  England  for  many  years ;  but  the  strata  below 
the  low  main  coal-seam  are  comparatively  poor  in  coal. 

Here,  however,  between  the  high  main  coal-seam  (which  lies  only  a 
few  feet  below  the  surface  at  Benwell)  and  the  low  main  coal-seam,  there 
are  no  workable  coal-seams,  the  well-known  stone,  metal,  yard,  bensham, 
and  other  seams,  being  rarely  represented  by  more  than  a  foot  of  coal. 
The  beaumont  and  brockwell  coal-seams  (lying  below  the  low  main 
seam)  are  each  about  3  feet  thick. 

.  But  westward,  following  the  rise  of  the  strata,  and  compensating  to  a 
great  extent  for  this  barren  space  between  the  high  main  and  low  main 
coal-seams,  the  seams  between  the  low  main  and  brockwell  seams  increase 
in  number  and  thickness,  and  become  good  coking  coal,  as  at  Throckley, 
Stella,  and  Mickley  collieries. 

In  the  course  of  exploring  the  "old-men's"  workings,  in  the  low  main 
coal-seam,  many  relics  of  primitive  character  have  been  found.  The 
high  main  coal-seam  would  be  the  first  worked,  possibly  even  by  the 
Romans,  as  evidenced  by  cinders  found  at  various  "stations"  on  the 
Wall  extending  from  the  Tyne  to  the  Solway,  but  only  to  a  very  limited 
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distance  from  the  outcrop.  The  relics  found  in  the  low  main  coal-seam 
comprise  oaken  shovels  (cut  from  the  solid),  wooden  sledges,  primitive 
chain-pumps,  consisting  of  thick  wooden  pipes,  iron  chains  with  leather 
discs  attached,  etc.,  all  pointing  to  workings  made  many  hundreds  of 
years  ago. 

It  is  recorded  that  in  1238  coal  was  worked  in  the  high  grounds  of 
Benwell  near  Newcastle;  that  in  1G73  the  high  main  coal-seam  in 
Benwell  and  Fenham  estates  was  on  fire,  and  that  for  30  years  previously 
the  main  coal-seam  on  the  Town  Moor  of  Xewcastle-upon-Tyne  had  been 
burning.  For  short  distances  from  the  outcrops  the  other  thin  seams, 
such  as  the  metal  coal-seam,  have  been  worked  in  olden  times,  and  as  the 
low  main  seam  crops  out  in  Scotswood  Dene  it  would  be  entered  by  adit 
levels  at  very  early  dates. 

In  1725,  a  pumping-engine  was  placed  at  Elswick  quay,  to  drain  the 
low  main  seam  from  the  lowest  point  at  the  River  Tyne  to  the  rise. 
Much  coal  must  have  been  worked,  as  there  were  then  300  or  400  pit- 
men living  in  Benwell  village. 

The  section  of  the  low  main  coal-seam  in  this  locality  varies  slightly, 
but  an  average  section  of  the  entire  seam  is  as  follows  : — 

Ft.       Ins. 

Blue  metal  roof. 

Five-  Quarter  Coal -team — 

Steam-coal        

Fire-clay 

Low  Jrain  Coal-seam — 

Coal        

Black  shale        

Household  coal 

Fire-clay 

The  bottom  or  house  coal  was  naturally  the  first  to  be  attacked,  and 
there  is  generally  plain  evidence  of  the  methods  of  working.  Places 
were  driven  about  9  feet  wide,"  and  square  pillars  were  left  of  the  same 
width  and  breadth.  No  timber  appears  to  have  been  used,  as  no  signs  of 
props  have  been  seen.  Occasionally  larger  pillars  were  left.  The  under- 
clay  has  then  risen  until  it  pressed  against  the  roof.  Another  set 
of  operations  then  followed  by  which  the  remaining  coal  was  worked, 
depending  upon  the  "  metal-rigs  "  as  supports  for  the  roof,  which  con- 
sisted of  the  bands,  10  inches  coal,  etc.  All  these  workings  have  been 
driven  in  an  irregular  manner.  In  certain  areas,  where  fortune  favoured 
the  workers,  not  a  vestige  of  bottom  coal  is  found  over  hundreds  of 
square  feet,  its  place  being  entirely  filled  by  the  bottom-clay  and 
crushed  bands.     In  the  larger  barriers,  left  as  protection  against  "  creep  " 
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and  water,  a  later  set  of  workers  have  considerately  left  pillars  of  15  or 
20  feet  in  width  and  60  feet  in  length,  but  only  of  dire  necessity  have 
they  left  a  solid  barrier  untouched.  In  more  recent  times,  the  top  coal  has 
been  partly  worked,  but  it  has  occasionally  been  utilized  by  the  "  old- 
men,"  who  drove  air-courses  or  waterways  in  it.  It  is  in  the  tracts  in 
which  the  bottom  coal  has  been  entirely  removed,  and  especially  where 
the  top  coal  has  also  been  worked,  that  the  deposit  (the  subject  of  this 
paper)  is  chiefly  found.  The  seam  lying  to  the  rise  of  these  adit-levels,  is 
about  200  feet  below  the  surface,  and  the  bottom-clay  has  been  subjected  to 
two  or  three  upheavals  owing  to  the  repeated  operations  of  miners,  thus 
being  squeezed  and  ground  in  every  direction.  The  seam  here  lies  very  flat, 
with  a  rise  of  only  ^  to  1  in  36.  At  various  points  in  these  workings, 
water  rains  from  the  roof,  and  the  whole  seam  has  lain  water-logged  for 
many  years,  until  tapped  by  the  recent  workings.  The  deposit  seems 
to  have  been  formed  in  still  water,  and  after  the  bottom  had  ceased  to 
rise,  as  it  is  usually  found  lying  level,  though  sometimes  it  is  tilted  and 
crumpled. 

The  usual  thickness  of  the  deposit  is  about  10  inches,  and  it  has  the 
appearance  shown  in  Fig.  1. 


White  deposit 

Thin  red  layer 

White  deposit 

Red  layers 
White  layers 
Red  layers 

Alternating  thin  layers,  becoming  red-coloured  near  the 
bottom 


Fig.  1. 

The  uppermost  part,  3  or  4  inches  thick,  is  always  nearly  pure  white, 
below  that  is  a  thin  red  layer,  then  white  with  a  few  red  markings 
like  marble  ;  then  descending,  the  red-colour  begins  to  predominate,  until 
the  bottom  is  generally  formed  of  a  red-coloured  deposit. 

The  freshly-gathered  uppermost  deposit  is  a  white  earthy  mass  of  the 
consistency  of  soft  cheese,  almost  opaque,  but  possessing  a  slight  though 
distinct  opalescence.  Exposed  to  the  air  it  soon  dries,  shrinking  con- 
siderably and  forming  a  white,  opaque,  very  friable  mass,  breaking  with  a 
conchoidal  fracture.     The  dried  substance  adheres  strongly  to  the  tongue. 

The  specific  gravity  was  found  to  be  1*7.  Before  the  blow -pipe,  it  is 
quite  infusible  and  imparts  a  slight  calcium  colouration  to  the  non- 
luminous  flame.     Heated  to  dull  redness,  it  loses  the  whole  of  its  water 
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and  at  a  slightly  higher  temperature  white  fumes  of  sulphuric  anhydride 
are  evolved.  In  a  borax  bead  it  dissolves  completely,  and  with  micro- 
cosmic  salt  leaves  a  slight,  almost  transparent,  residue  of  silica.  Moistened 
with  cobalt  chloride  and  heated,  it  leaves  a  pure  blue  infusible  residue. 
It  is  readily  soluble  in  warm  dilute  hydrochloric  acid,  and  the  solution 
gelatinizes  on  slight  evaporation.  The  following  figures  show  its  com- 
position :  — 


Alumina  (A1203)         

Silica  (Si02) 

Lime (CaO)    

Sulphuric  anhydride  (S03)  .. 
Water  ... 

Totals      


Mean  of  two 
nalyses  of  the 

Air-dried 
Sample. 

Per  Cent. 

Composition 

calculated  from 

Formula 

given  below. 

Per  Cent. 

37-93 

37*94 

12-12 

11-80 

1-90 

245 

5-30 

5-25 

4244 

42-54 

99-69 


99-9S 


A  trace  of  carbon  dioxide  was  present,  but  not  in  sufficient  quantity  to 
allow  of  its  estimation.  After  long  exposure  to  the  air,  the  effervescence 
caused  by  the  addition  of  an  acid  is  cpiite  distinct,  indicating  that  carbon 
di-oxide  is  absorded  from  the  air  as  the  substance  hardens. 

It  is  a  matter  of  considerable  difficulty  to  say  exactly  how  the  con- 
stituents of  a  substance  of  this  character  are  combined.  Prolonged 
digestion,  with  distilled  water,  failed  to  extract  any  trace  of  sulphate, 
though  the  whole  of  the  lime  disappeared  and  a  little  of  the  silica.  This 
points  to  the  lime  being  present  as  a  hydrated  calcium  silicate  decom- 
posable by  water  and  not  as  sulphate,  and  to  the  sulphuric  acid  being 
combined  with  part  of  the  alumina  as  an  insoluble  basic  sulphate. 
Microscopic  examination  confirms  this  view.  Under  a  power  of  500 
diameters  no  trace  of  crystalline  structure  is  discernible,  as  would  be  the 
case  if  calcium  sulphate  were  present.  The  substance  consists  of  a  mass 
of  minute  irregular  translucent  particles  about  T7^-o7  inch  in  diameter, 
detached  particles  when  suspended  in  water  showing  Brownian  movement. 

"Were  it  not  for  the  presence  of  the  considerable  percentage  of 
sulphate,  the  analysis  of  the  mineral  would  agree  fairly  well  with  those  of 
some  samples  of  collyrite  or  the  mineral  scarbroite,  which  it  seems  to 
resemble  physically  in  some  respects.  The  silica  is  entirely  combined,  as 
a  hot  solution  of  sodium  carbonate  failed  to  extract  any. 

Taking  the  sulphuric  acid  as  being  wholly  combined  with  alumina,  it 
would  probably  be  present  as  insoluble  basic  sulphate,  A1.2(S04)8-2A1203 
•9H20  (the  mineral  aluminite)  and  the  remainder  of  the  alumina  may 
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be  considered  as  combined  with  part  of  the  silica  as  the  mineral  collyrite 
(2Al2OySiOy9H20),  the  rest  of  the  silica  being  in  combination  with  the 
lime  as  hydrated  silicate. 

The  following  rather  complicated  formula  would  then  represent  the 
constitution  of  the  mineral  : — 

[Al2(S04)3-2Al2Oy9H20]  -7  [2Al2OySiOy9H20]  '2  [CaO-SiOyl8H20] 
Aluminite.  Collyrite. 

Its  mode  of  formation  can  only  be  a  matter  of  conjecture.  It  seems 
probable  that  water  containing  free  sulphuric  acid,  arising  from  the 
oxidation  of  pyrites  in  the  coal,  has  by  long  contact  with  the  underclay 
dissolved  a  part  of  it,  forming  aluminium  sulphate  and  disintegrating  the 
silica.  Subsecpient  decomposition  would  then  give  rise  to  the  formation 
of  basic  sulphate  and  the  production  of  finely  divided  alumina,  which, 
combining  with  the  silica,  would  form  the  collyrite  portion  of  the 
mineral. 

The  red  layers  in  the  deposit  seem  to  consist  of  hydrated  ferric  oxide, 
though  the  sample  analysed  was  not  sufficiently  free  from  adhering 
portions  of  the  white  substance  for  us  to  say  with  certainty  that  no  basic 
ferric  sulphate  was  present.  Under  the  microscope  it  presents  a  peculiar 
appearance,  consisting  of  masses  of  exceedingly  minute  interlacing  fibres 
or  crystalline  needles.  They  are  yellowish-brown  in  colour,  and  almost 
transparent. 

A  deposit,  which  physically  is  identical  with  the  one  now  described, 
has  been  found  by  Mr.  Norman  Nisbet  in  old  workings  at  Tanfield  Lea 
colliery,  Durham,  and  is  at  present  being  examined  chemically. 

It  seems,  indeed,  probable  that  these  deposits  may  be  of  fairly 
common  occurrence,  but  owing  to  their  being  commercially  valueless, 
they  naturally  attract  little  attention. 


The  following  paper  on  "The  Quicksilver  Mines  and  Reduction- 
works  at  Huitzuco,  Guerrero,  Mexico,"  by  Mr.  Edward  Halse,  was  taken 
as  read : — 
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THE  QUICKSILVER  MINES  AND  REDUCTION-WORKS  AT 
HUITZUCO,  GUERRERO,  MEXICO. 


By  EDWARD  HALSE. 


Situation  and  Topography. 

Huitzuco  is  a  small  village  close  to  the  northern  boundary  of  the  State 
of  Guerrero,  75  miles  as  the  crow  flies  almost  due  south  of  Mexico  City, 
and  -±2  miles  south  a  little  east  of  Cuernavaca,  the  capital  of  the  small 
state  of  Morelos. 

It  is  reached  by  the  Interoceanic  Railroad,  the  nearest  station  being 
Jojutla,  in  Morelos.  From  the  latter  small  town  to  the  mines  is  a  ten- 
hours'  ride  on  horseback,  at  first  over  moderately  hilly  and  wooded  ground, 
twice  crossing  a  branch  of  the  Rio  de  Las  Balsas,  then  along  somewhat 
steep  and  rocky  canyons  clothed  principally  with  mesquite,  cacti,  and  small 
palm-trees,  until  one  at  length  emerges  from  a  deep  and  beautiful  lime- 
stone-gorge and  enters  on  the  green  Huitzuco  valley. 

The  mines  are  situated  in  the  district  of  Hidalgo  on  small  rolling  hills 
one  mile  to  the  south  of  Huitzuco,  which  is  built  just  above  a  gully 
connecting  with  the  valley  or  grassy  plains  above  mentioned.  North  of 
the  village  the  background  is  formed  by  a  high  range  of  hills  with  a 
general  east-and-west  trend. 

The  altitude  above  sea-level  is  about  3,000  feet.  The  climate  is  warm, 
but  not  unhealthy — the  insalubrious  tierra  calimte  being  more  to  the  south. 

Geological  Features. 

The  rock  at  and  in  the  immediate  neighbourhood  of  the  mines  consists 
of  limestone,  with  patches  of  gypsum,  and  is  of  Cretaceous  age.  The  range 
of  hills  to  the  north  of  Huitzuco  consists  mainly  of  eruptive  rocks  probably 
of  Tertiary  age,  trachyte  and  felspar  porphyry  predominating,  together 
with  some  serpentine. 

The  Cretaceous  formation,  chiefly  limestone  and  clay-slate,  covers  a 
considerable  area  in  this  portion  of  the  state  of  Guerrero.  In  a  north- 
westerly direction,  it  reaches  to  Tasco  (27  miles  as  the  crow  flies),  and  can 
be  traced  as  far  as  Zacualpan  (50  miles)  in  the  State  of  Mexico  ;  indeed, 
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patches  of  limestone  of  probably  the  same  age  are  met  with  as  far  as 
Sultepec  (63  miles),  which  three  are  historical  silver-mining  camps,  Tasco 
and  Sultepec  being  among  the  first  districts  explored  by  the  Spanish 
conquistador  es. 

The  quicksilver  deposits  may  be  divided  into  two  classes  : — 
I. — Surface  or  shallow  deposits  (deposition  mainly  mechanical). 

A. — Large  loose   deposits   in  limestone  and   gypsum-rocks   worked 
mainly  as  opencasts. 

B.— Small  loose  vertical  pipe-like  deposits  in  gypsum-rocks. 
II. — Deep  deposits  (deposition  chemical). 

Large  cylindrical  deposits  in  limestone-rocks,  occasionally  opening 
out  into  lenticular  or  ellipsoidal  chambers  or  pockets. 

7. — Surface  or  Shalloiv  Deposits. 

A. — Fig.  1  (Plate  I.)  is  a  general  surface-plan  of  the  mines,  including 
the  large  opencasts  {tajos  abiertos)  known  as  Las  Viejas,  La  Tumbaga, 
La  Sorpresa,  and  Coahulote. 

Las  Viejas  deposit  has  been  worked  150  feet  in  a  north-and-south 
direction,  100  feet  east  and  west,  and  about  50  feet  in  depth  as  an  open- 
cast. At  the  bottom  of  the  opencast  there  are  underground  workings  to 
a  further  depth  of  50  feet,  making  a  total  depth  of  100  feet  for  this 
working.  The  dotted  fines  show  the  general  direction  of  the  main 
deposits  worked,  which  generally  corresponds  with  the  longer  diameters  of 
the  pipe-like  fioles  in  gypsum-rock  which  formed  part  of  the  large  deposit, 
and  which  will  be  described  later.  This  opencast  is  at  present  abandoned. 
It  appears  that  stones  of  cinnabar,  together  with  the  black  fibrous  quick- 
silver ore  known  as  hebrudo  or  barcenite  (antimoniate  of  lime  and 
mercury),  were  formerly  raised  from  here  in  large  quantities. 

La  Tumbaga  deposit  (Spanish  for  pinchbeck),  close  to  the  last,  has 
been  worked  as  an  opencast  for  a  length  of  150  feet,  a  width  of  50  feet, 
and  a  depth  of  25  feet.  Underground  workings,  started  at  the  bottom, 
extend  to  a  further  depth  of  40  feet,  giving  a  total  depth  of  65  feet. 
The  direction  of  the  deposit  appears  to  be  north-north-east  to  south- 
south-west.  Buscones  or  tributers  were  raising  a  good  quantity  of  ore 
from  here  at  the  time  of  the  writer's  visit.  The  ore  consists  mainly  of 
smalls  or  tierras,  stained  and  spotted  with  cinnabar,  together  with  a  few 
boleos  (or  nodules)  of  hebrudo  (which  largely  predominated  in  the  upper 
portions  of  the  deposit,  but  is  now  becoming  very  scarce),  cinnabar,  and 
stibnite,  and  many  lumps  and  fragments  of  limestone  veined  with  calcite 
and  some  quartz. 
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La  Sorpresa  (or  Nananche)  deposit  has  been  worked  as  an  opencast 
for  200  feet  in  length  (north  and  south),  141  feet  in  width  (east  and 
west),  and  20  to  30  feet  in  depth.  There  are  somewhat  extensive  under- 
ground workings  below  this  also,  making  the  total  depth  of  the  deposit 
about  150  feet.  Beneath  this  the  ore  is  said  to  have  given  out,  although 
the  rock  (mainly  gypsum)  in  which  it  occurs  continues  farther  down. 
The  gypsum  is  associated  with  native  sulphur.  The  ore  occurs  as  boleos 
of  hebrudo  and  some  cinnabar  (1  or  2  per  cent.,  sometimes  with  much 
iron),  mixed  with  small  fragments  of  limestone,  sand,  clay,  etc.,  in 
cylindrical  and  other  cavities  in  gypsum-rock.  This  surface -deposit  is 
intimately  connected,  if  not  identical,  with  subdivision  B.  The  main 
axis  runs  north-north-east,  or  parallel  to  La  Tumbaga  deposit.  Buscones 
were  working  here  and  raising  about  150  tons  of  sandy  smalls  or  tierras 
per  week.     The  ore  went  deeper  on  the  south  than  on  the  north  side. 

Between  Las  Yiejas  and  La  Sorpresa  deposits  is  a  small  connecting 
opencast-working,  trending  north  and  south,  and  dipping  west. 

The  Coahulote  deposit  has  been  worked  as  an  opencast  180  feet  east 
and  west,  130  feet  north  and  south,  and  about  20  feet  in  depth.  In  the 
bottom  a  shaft  goes  down  46  feet,  giving  a  total  depth  of  66  feet.  The 
ore  is  somewhat  similar  to  the  Sorpresa  deposit,  but  is  much  mixed  with 
clay.  It  contains  spots  and  stains  of  cinnabar,  and  some  boleos  of  light 
brown  gypsum.  Several  lines  of  vertical  holes  are  seen  here  running 
mainly  in  a  direction  diagonal  to  the  general  east-and-west  run  of  the 
opencast. 

The  ore  now  being  raised  from  the  above  opencasts  (excluding  Las 
Viejas)  carries  0*4  to  1  per  cent,  of  quicksilver,  and  the  general  average 
may  be  taken  at  \  per  cent. 

"When  these  deposits  were  first  worked,  the  average  grade  was  much 
higher.  In  1874,  the  ore  was  divided  into  four  classes,  containing  the 
following  percentages  of  metal  respectively: — No.  1,  15  to  17;  No.  2, 
8  to  9  ;  No.  3,  5  to  6  ;  No.  4,  3  to  4.* 

B. — These  deposits  consist  of  ore,  mingled  with  rock-debris  filling 
natural  vertical  holes  in  gypsum,  and  are  called  trojas  de  metal  by  the 
miners  from  their  supposed  resemblance  to  the  cylindrical  adobe  buildings 
used  in  this  region  for  storing  maize  (troja  being  the  Spanish  for  a 
granary).  They  are  usually  arranged  along  certain  lines,  thus,  Los 
Colorados  trend  north  and  south,  Las  Trojas  del  Baco  run  nearly  east  and 

*  By  Mr.  Santiago  Ramirez,  Xoticia  de  la  Riqueza  Minera  de  Mexico,  1884, 
page  445. 
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west,  while  another  set  courses  north-east  to  south-west,  and  forms  a 
junction  with  the  latter.  (See  Fig.  1,  Plate  I.,  and,  on  a  larger  scale, 
Fig.  2,  Plate  I.) 

The  holes  (trojas)  are  somewhat  irregular  in  shape,  occasionally  being 
almost  cylindrical,  although  usually  having  a  longer  diameter  in  the 
general  direction  of  the  line  of  holes,  and  thus  forming  an  irregular 
ellipse  in  horizontal  section.  They  vary  much  in  size.  Fig.  3  (Plate  I.) 
is  a  sketch,  drawn  to  scale,  of  one  of  these  holes,  which  has  been  cleaned 
out  of  ore,  and  is  now  being  used  as  a  ventilating-shaft.  The  longer 
diameter  (east  to  west)  is  8  feet,  while  the  shorter  one  is  about  4  feet. 
Another  trqja  was  cleaned  out,  and  then  squared  up  to  form  a  drawing- 
shaft.  On  the  general  plan  (Fig.  2,  Plate  I.)  a  troja  is  shown,  A,  whose 
longer  diameter  measures  163  feet,  while  the  shorter  one  varies  from  20 
to  45  feet. 

Two  very  large  irregular  pear-shaped  holes  occur  near  the  end  of 
La  Purissima  crosscut.  Near  the  present  breast,  a  fissure  in  the  lime- 
stone is  seen  crossing  the  tunnel,  i.e.,  trending  east  and  west  and  dipping 
northward.  Some  of  these  holes  contained  no  ore,  but  were  filled  with 
fragments  of  limestone,  gypsum,  sand,  and  clay,  or  general  rock-debris. 
Several  of  the  larger  ones,  however,  contained  a  quantity  of  t terras  with 
bohos  of  hebrudo  (barcenite)  mixed  with  rock-debris.  The  distribution 
of  the  ore,  as  in  the  large  surface-deposits,  was  very  irregular,  although 
it  is  said  that  the  larger  lumps  of  ore  were  in  several  of  the  trojas  found 
at  and  near  the  circumference  of  the  hole. 

The  ore  was  found  to  diminish  in  depth,  until  it  finally  ceased  at  a 
limit  of  from  100  to  130  feet,  a  depth  coinciding  with  the  total  or  partial 
closing  of  the  holes  themselves,  although  the  gypsum-rock  was  in  some 
cases  found  to  continue  below. 

The  general  plans  (Figs.  1  and  2,  Plate  I.)  only  afford  a  faint  idea  of 
the  number  of  holes  in  the  gypsum-rock. 

At  a  depth  of  about  130  feet  from  the  surface,  the  Obra  Palacio  and 
the  Obra  Espiritu  Santo  have  been  driven  below  subordinate  lines  of  these 
trojas  in  a  general  east-and-west  direction.  In  the  former,  several  dozen 
of  them  have  been  cut,  a  joint  or  fissure  apparently  linking  them  together. 
They  are  mostly  of  small  size,  and  little  or  no  ore  of  any  value  occurred 
in  them. 

Some  of  these  holes  are  cylindrical,  some  are  elliptical  in  plan,  while 
others,  again,  are  funnel-shaped,  or  conical,  and  do  not  reach  the  surface, 
the  apex  being  uppermost.  In  some,  the  rock  on  the  side  of  the  holes 
appears  to  have  been  worn  into  rings  or  ridges  projecting  horizontally  as 
if  they  had  been  formed  by  water  having  a  violent  rotary  motion. 
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"What  is  remarkable  about  the  holes  is  their  almost  absolute  vertically, 
while  the  gypsum-rock  containing  them  is  seen  to  be  composed  of  a 
number  of  very  thin  horizontal  layers,  or,  in  other  words,  it  is  thinly 
stratified  perpendicularly  to  the  axes  of  the  holes. 

The  probable  origin  of  this  rock,  and  of  the  pipe-like  holes  therein, 
will  be  discussed  when  considering  the  genesis  of  the  deep  deposits. 

II. — Deep  Deposits. 

Up  to  the  present  date,  only  one  of  the  deep  deposits  has  been 
exploited  in  depth,  although  the  probability  is  that  other  similar  deposits 
exist  in  the  immediate  neighbourhood. 

La  Cruz  Mine. — This  deposit  has  been  described  as  a  manto*  or 
blanket  formation,  but  from  a  careful  study  of  the  underground  workings, 
it  would,  in  reality,  appear  to  be  an  inclined  and  somewhat  irregular 
cylindrical  deposit,  here  and  there  opening  out  into  large  lenticular  or 
ellipsoidal  chambers  or  pockets  (bolsas)  of  mineral. 

The  longer  diameter,  which  is  termed  the  strike  {rumbo)  of  the 
deposit,  is  directed  north  52  degs.  west  to  south  52  degs.  east.f  How- 
ever, although  the  deposit  sometimes  trends  more  or  less  horizontally,  it 
more  frequently  dips  at  a  considerable  angle  in  one  direction  of  the  so- 
called  strike,  i.e.,  either  north  52  degs.  west,  or  south  52  degs.  east. 
This  dip,  to  prevent  confusion,  will  be  termed  the  "  false  dip  "  of  the 
deposit.  The  true  dip  (echado)  is  flat,  somewhat  irregular  above,  and 
fairly  uniform,  or  about  45  degs.  towards  south  38  degs.  west  below. 

From  the  surface  to  a  depth  of  about  100  feet,  the  deposit  was  capped 
by  gypsum  (yeso),  and  the  ore  was  found  mainly  as  tierras  containing 
hebrudo  (barcenite)  in  trojas,  and  filling  cavities  and  pockets  in  the  rock. 

Below  this  upper  zone,  the  first  pocket  of  steel-grey  livingstonite, 
sulphide  of  antimony  and  mercury,  or  2  Sb2  S3  HgS,  was  found  associated 
with  stibnite  in  limestone-rock  containing  patches  of  gypsum,  or  in 
gypsum-rock  containing  unaltered  patches  of  limestone. 

The  cpiicksilver  ore,  first  described  in  1874  by  the  Mexican  geologist, 
Mr.  Mariano  Barcena,^  much  resembles  stibnite  in  appearance,  but  the 
latter  is  whiter,  and  the  former  may  be  immediately  recognized  by  its 
streak  approaching  wax-red  in  colour. 

The  pocket  was  lenticular  in  shape,  and  extended  from  just  below 
Las  Rosas  to  the  Espiritu  Santo  workings.     (Figs.  4  and  5,  Plate  I.) 

*  Mr.  Santiago  Ramirez,  op.  rit.,  pages  93  and  444. 

f  The  north  shown  in  the  plan  is  magnetic,  variation  8  degrees  east. 

J  Tratado  de  Gcologia,  Mexico,  1885,  pages  138-139. 
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The  length  along  the  strike  was  about  147  feet ;  the  width  of  the  pocket 
on  the  dip  was  about  60  feet,  while  the  actual  thickness  varied  from  a 
few  inches  to  1  foot  in  the  upper  part,  where  the  ore  was  high  grade,  to 
from  5  to  6^  feet  in  the  lower  portion,  a  considerable  fall  of  grade 
corresponding  to  the  increase  in  thickness.  The  lower  portion  of  the 
pocket  appears  to  be  ellipsoidal,  with  a  false  dip  of  about  35  degs.  to 
north  52  degs.  west.  It  also  appears  to  be  bifurcated,  or  to  enclose  a 
horse  of  rock,  while  the  richest  ore  would  appear  to  have  occurred  in  the 
roof-branch.  The  average  true  dip  was  40  degs.  This  pocket  is  stated  to 
have  yielded  30  tons  olp&pma  or  best  ore  (10  per  cent,  of  mercury),  and 
about  120  tons  of  ordinary  ore  (1|  per  cent.)  per  week  until  it  was 
exhausted.  For  about  32  feet  vertically  below  this,  the  deposit  was  again 
flat  (33  degs.),  but  too  poor  to  work  (or  was  en  borrasca)  when  the 
second  chamber  or  pocket  known  as  La  Esperanza  was  struck. 

Its  section  on  the  line  of  the  true  dip  is  an  irregular  ellipse,  with  the 
axis  inclined  60  clegs,  from  the  horizontal,  and  about  100  feet  in  length. 
The  diameter  measures  from  30  to  50  feet.  It  is  seen  to  be  bifurcated, 
or  to  enclose  a  horse  of  rock  from  25  to  32  feet  in  width. 

"While  the  true  dip  is  60  degs.  as  stated,  the  pocket  has  a  false  dip, 
the  section  on  the  line  of  so-called  strike  forming  a  narrow  ellipse,  with 
the  axis  inclined  30  degs.  to  north  52  degs.  west,  and  185  feet  in  length. 
The  thickest  ore  again  occurred  in  the  roof -branch.  The  actual  thick- 
ness of  ore  worked  was  about  6|  feet.  Gypsum,  with  patches  of  lime- 
stone, occurred  in  the  upper,  while  limestone  predominated  in  the  lower 
half. 

The  ore  consisted  of  more  or  less  solid  crystalline  livingstonite  in 
gypsum  and  limestone,  and  was  associated  with  native  sulphur. 

The  ratio  of  pepena  to  ordinary  ore  and  their  respective  yields  were 
about  the  same  as  in  the  first  pocket. 

On  the  western  side  an  exploratory  drift  was  run  in  several  feet,  some 
small  veins  (hilitos)  of  livingstonite  having  been  found  running  in  this 
direction,  but  they  were  lost  farther  in  the  rock,  and  the  work  was 
abandoned. 

For  197  feet  measured  vertically  below  this,  the  deposit  was  again 
thin  and  of  very  low  grade  (dip  flat  or  32  degs.,  and  somewhat  irregular), 
when,  at  the  workings  known  as  San  Bias,  the  third  and  richest  pocket 
was  met  with  in  solid  dark-grey  limestone.  The  latter  is  known  to 
the  miners  or  barreteros  as  jjiedra  azul  or  piedra  aprieta.  On  the  line 
of  the  true  dip  it  is  seen  to  form  an  irregular  ellipse,  axis  inclined  45 
degs.,  length  164  feet,  the  diameter  varying  from  about  30  to  75  feet. 
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It  is  also  bifurcated,  containing  an  irregular  horse  of  rock  impregnated 
with  low-srade  ore,  portions  of  which  have  been  worked  out.  The 
best  ore  occurs  here  on  the  floor-branch,  while  the  roof-branch  does 
not  appear  to  have  been  worked  continuously.  Towards  the  upper 
portion  and  centre,  about  30  feet  of  the  pocket  has  been  worked 
away  (including  the  two  branches),  while  in  the  lower  portion  50  feet 
of  it  has  been  excavated  in  width.  The  average  thickness  was  about 
13  feet. 

The  pocket  has  a  false  dip  of  about  25  degs.  to  south  52  degs.  east, 
or  in  exactly  the  opposite  direction  to  that  of  the  second  pocket.  The 
yield  was  75  tons  of  pepena  (12  per  cent,  mercury)  and  225  tons  of 
ordinary  (1^  per  cent.)  ore  per  week. 

Below  this,  the  deposit  has  enlarged  considerably,  and  is  being- 
worked  out  in  immense  chambers  in  solid  dark-grey  limestone-rock 
(piedra  aprieta).  It  shows  a  tendency  to  widen  below,  the  actual  size 
and  shape  of  the  deposit  at  and  near  the  bottom  is,  however,  only  shown 
approximately,  as  ore  is  being  stripped  down  all  round  the  workings. 
This  lower  portion  of  the  quicksilver  deposit  would  appear  to  be 
ellipsoidal  in  shape,  with  the  axis  dipping  45  degs.  to  south  52  degs. 
west.  It  also  has  a  false  dip  of  60  degs.  to  south  52  degs.  east.  The 
ratio  of  the  longer  to  the  shorter  diameter  would  appear  to  be  as  2  to  1 
—the  former  being  along  the  so-called  strike  (rumbo),  and  the  latter 
across  the  dip  (echado). 

The  ore  is  more  or  less  evenly  disseminated  throughout  the  whole 
mass,  but  is  low  grade,  containing  on  an  average  only  about  1  per  cent, 
of  mercury.*  It  consists  of  livingstonite  {metal  antimonioso),  associated 
with  stibnite  (antimonio),  selenite  in  transparent  rhombohedral  crystals, 
and  native  sulphur.  Sometimes  fine  crystals  of  sulphur  occur 
embedded  in  the  selenite.  Fine  specimens  of  it,  black  and  resinous  as 
well  as  bright  yellow  and  vitreous,  are  sometimes  found  in  the  limestone. 
In  addition  to  the  above  minerals  the  limestone  also  frequently  shows 
small  cubical  crystals  of  iron  pyrites ;  it  is,  moreover,  veined  with  calcite, 
and  shows  some  quartz. 

About  225  tons  of  ore  of  the  above  grade  (1  per  cent.)  are  being- 
extracted  from  the  lower  workings  weekly,  which  output  could  easily  be 
doubled  if  necessary. 

The  main  shaft  or  tiro  general  was  534|  feet  deep  at  the  time  of  the 
writer's  visit,  and  was  being  sunk  further  for  the  purpose  of  communi- 

*  The  assay  of  a  large  sample  taken  gave  1"14  per  cent,  of  metal. 
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eating  with  the  bottom  workings  (187  feet  below  the  bottom  of  the 
shaft),  total  vertical  depth  then  reached  being  72l|  feet.  However, 
the  mouth  of  the  tiro  trinidad,  higher  up  the  hill,  is  98^  feet  above  the 
mouth  of  the  tiro  general,  giving  an  aggregate  vertical  depth  of  820  feet 
for  this  mine  at  that  time  (October,  1894). 

The  first  portion  of  the  main  shaft  is  sunk  in  solid  gypsum,  but  at  a 
depth  of  144  feet  limestone  with  patches  of  gypsum  occurs,  lower  down 
more  or  less  solid  gypsum  with  patches  of  limestone  is  seen,  while  solid 
limestone  was  encountered  at  a  depth  of  about  380  feet. 

Probable  Genesis  of  the  Deposit. 

A  careful  examination  of  this  very  interesting  and  perhaps  unique 
quicksilver  deposit  would  seem  to  indicate  that  it  was  formed  by  a 
solfataric  spring  charged  with  mercury,  antimony,  and  iron,  cutting  its 
way  to  the  surface,  and  probably  having  a  deep-seated  origin  in  trachytic, 
porphyritic  or  other  volcanic  rock,  similar  to  that  cropping  out 
immediately  north  and  north-east  of  Huitzuco.  The  thermal  spring, 
probably  ascending  the  contact-line  between  the  porous  and  imper- 
vious rocks,  and  subsequently  making  its  way  along  joints  and 
fissures  (or  following  the  lines  of  least  resistance)  in  the  limestone-rock 
itself,  would  appear  to  have  deposited  its  metalliferous  contents  by 
preference  in  and  around  the  denser  beds,  for  here  the  solfataric  spring 
must  have  taken  longer  to  cut  its  way  upward,  and  therefore  there  was 
more  time  for  the  quicksilver  ore  to  be  deposited.  This  would  tend  to 
account  for  the  large  pockets  of  livingstonite  separated  by  low-grade  ores, 
and  also  for  their  bifurcated  character — for  the  spring  would  naturally  cut 
its  way  around  the  denser  masses  of  rock  rather  than  go  straight  through 
them.  On  approaching  the  surface,  after  having  deposited  the  greater 
portion  of  the  mercury  and  antimony  in  the  form  of  livingstonite  and 
stibnite  there  would  remain  in  the  thermal  waters  an  excess  of  sulphur, 
no  doubt  in  the  form  of  sulphuretted  hydrogen.  A  part  of  the  sulphur, 
probably  reduced  by  organic  matter  in  the  limestone,  has  been  deposited 
here  and  there  in  its  native  state  during  the  long  journey  towards  the 
surface.  Another  portion,  mingling  with  the  surface-waters,  would 
become  oxidized  into  sulphuric  acid,  which,  attacking  the  limestone,  has 
changed  it  layer  by  layer  into  gypsum  or  sulphate  of  lime,  and  for 
considerable  distances  on  either  side  of  the  ascending  spring  until  the 
surface  was  reached,  forming  the  remarkable  thermal  channels  known  to 
the  Guerrero  miner  as  trojas.  What  sulphur  remained  would  be 
eliminated  in  the  atmosphere  as  sulphuretted  hydrogen  (H,S)  in  a 
gaseous  form,  together  with  carbonic  acid  and  steam. 
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Mr.  Mariano  Barcena  was  of  opinion  that  the  stibnite  was  first 
present  in  the  rock,  and  that  it  was  then  decomposed  by  thermal  waters 
containing  iron  and  mercury  under  whose  action  the  carbonate  of  lime 
was  converted  into  sulphate  and  the  stibnite  into  livingstonite.* 

This  theory  was  based  on  the  appearance  of  the  deposits  at  and  near 
the  surface,  but  it  is  hardly  borne  out  by  the  deeper  workings.  On  the 
contrary  the  two  minerals  have  every  appearance  of  having  been 
deposited  contemporaneously.  The  livingstonite,  although  frequently 
found  in  comparatively  large  pieces,  is  also  often  seen  to  be  scattered 
through  the  limestone  in  minute  crystals  and  specks ;  in  fact,  the  rock  is 
so  permeated  with  it  that  it  is  difficult  to  believe  that  any  previously 
existing  stibnite  (and  there  is  probably  nearly  as  much  stibnite  as 
livingstonite  in  the  deposit)  would  have  remained  unaltered.  It  is  more 
probable,  indeed,  that  the  two  minerals  were  deposited  in  the  reverse 
order,  i.e.,  after  all  the  mercury  had  been  deposited  in  combination  with 
antimony,  there  would  probably  remain  an  excess  of  the  iatter  metal, 
which  would  be  subsequently  deposited  as  stibnite  pure  and  simple. 
Geologically,  the  two  minerals  may  be  regarded  as  contemporaneous. 

That  springs  do  actually  cut  their  way  to  the  surface  through  solid 
limestone-rock  was  proved  by  Mr.  J.  Noggerath  as  long  ago  as  1845. 

The  following  quotation  is  taken  from  the  late  Prof.  Posepny's 
well-known  paper  on  "  The  Genesis  of  Ore  Deposits,"  published  in  the 
Transactions  f  of  the  American  Institute  of  Mining  Engineers  for 
1893  :— 

At  Burtscheid,  near  Aachen,  ...  a  terrace  was  constructed  ...  in  the 
neighbourhood  of  the  hot  spring  as  the  site  for  a  house.  Blasting  in  the  Devonian 
limestone  exposed  several  vertical  channels  of  nearly  circular  section,  and  20  to 
90  centimetres  (S  to  35  inches)  diameter,  some  of  which  contained  thermal  water 
and  emitted  steam.  They  had  been  partly  choked  by  rock-debris,  but  one  of  them 
showed  a  depth  of  about  4  metres  (13  feet).  Immediately  around  these  tubes  the 
elsewhere  solid  limestone  had  been  altered  for  a  distance  of  15  centimetres  (6  inches) 
to  a  grey,  earthy  mass,  almost  plastic  when  damp,  and  separable  in  thin  scales.  In 
places  this  earthy  mass  had  fallen  away,  and  on  the  sides  of  the  enlargements  of  the 
tube  thus  formed,  crusts  of  white  lime-sinter  had  been  deposited^  Prof.  Noggerarh 
does  not  doubt  in  the  least  that  the  mineral  water  emerged  5  to  6  metres  (16  to 
20  feet)  above  the  present  exit,  and  eroded  the  channel  for  itself.  He  believes 
even  that  the  channels  of  all  the  mineral  springs  of  Burtscheid  and  Aachen,  which 
came  from  the  limestone,  have  a  similar  shape. 

*  El  Minero  Mexicano,  vol.  ii.,  1874,  page  399. 

j  Vol.  xxiii.,  pages  211  and  242. 

X  Prof.  J.  Xoggerath,  "  TJeber  die  sogenannten  natiirlichen  Schachte  oder 
geologischen  Orgeln  in  verschiedenen  Kalksteinbildungen."  Karsten's  Arehiv.  fur 
M'm  .  Geogn..  Beryhav  //.  HuttenJt.,  1845,  page  513. 
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Prof.  Posepny  was  of  opinion  that  the  rich  silver-deposits  of  Valle 
Sacca,  near  Rezbanya,  Hungary,  were  formed  by  thermal  springs 
precipitating  successive  crusts. 

In  the  principal  deposit,  the  so-called  Eeichensteinstock,  .  .  .  argentite  .  .  . 
predominated  .  .  .  besides  this  mineral  there  were  hessite  (telluride  of  silver), 
tetrahedrite,  redrnthite,  galena,  bismuthinite,  and  various  pyrites.  .  .  .  The 
horizontal  section  of  the  body  was  most  frequently  circular  or  elliptical.  In  some 
places  one  dimension  strongly  predominated,  so  as  to  give  the  appearance  of  a 
fissure-filling."* 

The  deposit  occurred  in  limestone  (Jurassic  above  and  Liassic  below)  between 
greenstone  dikes,  and  had  a  true  dip  eastward  or  parallel  to  the  contact-line  between 
the  limestone  and  sandstone,  which  crops  out  to  the  east,  and  a  false  dip  to  the 
south.  It  was  followed  to  a  depth  of  1,300  feet.  .  .  .  It  is  significant  that  the 
Eeichenstein  ore-channel  passes  in  depth  through  the  dikes  to  the  south-west, 
towards  what  is  probably  a  great  fault-fissure,  and  not  in  the  direction  of  the 
present  drainage. 

Prof.  Posepny  allows  a  similar  origin  for  some  of  the  more  complicated 
ore-deposits  of  Raibl,  in  Carinthia.t 

One  of  the  principal  deposits  (Government  mine)  occurs  in  Triassic  limestone, 
and  is  roughly  parallel  to  the  contact-line  between  that  rock  and  the  Raibl  slates  to 
the  north  ;  but  with  steps  or  offsets  in  the  direction  of  the  slates,  so  that  the  deposit 
gradually  approaches  the  contact-line  in  depth.  .  .  .  The  ore  consists  chiefly  of 
a  coarsely  crystalline  galena,  with  pyrites,  and  a  zinc  blende  (wiirtzite)  in  very 
thin  crusts,  hence  called  Schalenblende.  .  .  .  The  ore-bodies  have  been  followed 
to  a  vertical  depth  of  1,886  feet.  .  .  .  The  three  principal  seams  had  a  horizontal 
length  of  131  to  262  feet,  and  a  total  thickness  (including  portions  too  poor  to 
work)  of  33  to  164  feet. 

Prof.  Posepny  was  also  of  opinion,  contrary  to  that  generally  held, 
that  the  deeper  lead-deposits  in  the  Carboniferous  Limestone  of  the 
North  of  England,  and  those  of  Leadville  (Colorado),  Eureka  (Nevada), 
etc.,  were  likewise  formed  by  ascending  thermal  springs. 

That  the  deep  quicksilver  deposit  of  Huitzuco  was  formed  by  a 
solfataric  spring  appears  sufficiently  clear  when  we  take  into  account  the 
local  character  and  peculiar  structure  of  the  gypsum-rock,  the  frequent 
presence  of  native  sulphur  from  the  bottom  workings  upwards,  the 
numerous  cylindrical  channels  in  the  gypsum  connecting  the  quicksilver 
deposit  with  the  surface  of  the  ground,  the  gradual  increase  in  size  and 
richness  of  the  pockets  as  depth  is  attained,  and  the  gradual  increase  in 
size  of  the  deposit  below  the  last  pocket. 

*  Op.  cit..  pages  287-289.  See  also  GeologiscJi-onovtanistische  Studie  der 
Erzlagerstatten  von  Rezbanya,  Budapest,  1874,  in  which  Prof.  Posepny,  however, 
differs  from  his  later  conclusions  by  giving  a  vadose  origin  to  the  deposits. 

t  Op.  cit.,  289-292.  See  also  "  Die  Blei-  und  Galmei-Lagerstatten  von  Raibl  in 
Karnthen."     Jahvb.  d.  It.  l\  geol.  R.  AnstaJt,  1873. 
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There  appears  to  be  no  distinct  evidence  of  crustification,  except 
may  be  in  the  flat  and  narrow  portion  of  the  first  pocket.  The  ore 
appears  to  have  crystallized  out  in  the  porous  spaces  of  the  limestone 
itself,  and  only  appears  in  crystalline  masses  in  the  larger  pockets.  The 
ore,  therefore,  may  be  regarded  as  an  impregnation-deposit. 

It  is  probable  that  the  deposit  is  parallel  to,  and  in  depth  approaches 
the  contact  line  of  some  eruptive  rock,  but  at  what  depth  this  ridge 
occurs  must  for  the  present  remain  a  mere  matter  of  conjecture. 

It  is  possible  that  other  rich  pockets  of  ore  occur  below  the  last, 
unless,  indeed,  the  deposit  continues  downward  as  a  large  ellipsoidal  or 
cylindrical  ore-channel  to  the  contact-line. 

The  infilling  of  the  surface-deposits  is  most  probably  due  to  mechanical 
means,  such  as  surface  denudation  of  the  limestone  and  gypsum,  followed 
by  the  mechanical  filling  up  of  the  depressions  and  vertical  holes  with 
rock-debris  containing  disseminated  livingstonite  and  stibnite.  Water 
carrying  carbonic  acid  in  solution  has  subsequently  percolated  through 
the  loose  debris,  altering  the  livingstonite  into  barcenite,  a  portion  of  the 
stibnite  into  valentinite,  and  the  iron  pyrites  into  oxide  of  iron.  The 
greyish-black  columnar  or  fibrous  mineral,  known  as  barcenite,  with  its 
peculiar  greenish  ashy-grey  streak  has  afterwards  itself  been  altered 
partially  (i.e.,  in  patches  and  spots  when  in  large  lumps)  or  wholly  (when 
in  small  pieces)  into  red  cinnabar. 

Cinnabar  is  said  to  have  occurred  at  Huitzuco,  pseudomorphous  after 
stibnite,  and  some  fine  examples  of  guadalcazarite  (OHgS  +  ZnS)  were 
found  embedded  in  selenite,  but  both  may  be  regarded  as  very  rare. 

That  cinnabar  has  in  several  instances  been  deposited  by  hot  sulphur- 
springs  is  positive  knowledge.     Messrs.  Fuchs  and  De  Launay  say : — 

Les  Steamboat  Springs  de  Calif  ornie,  les  sources  d'Ohaiawai  en  Nouvelle-Zelande, 
etc.,  deposent  du  cinabre ;  a  la  solfatare  de  Pouzzoles,  M.  de  Chancourtois  a  trouve 
du  cinabre  avec  du  realgar ;  ailleurs.  comme  a  Sulphur  Bank  (Californie),  a  Guadal- 
cazar  (Mexique),  aux  Bains  de  Jesus  (Perou),  en  Perse,  etc.,  des  sources  chaudes, 
chargees  d'hydrogene  sulfure  et  d'acide  carbonique,  sortent  de  gites  mercuriels.* 

Mr.  G-.  Becker  is  of  opinion  that  the  cinnabar-deposits  of  the  Pacific 
slope  (California)  were  deposited  from  hot  sulphur-springs,  probably  in 
post-Pliocene  times.  At  Yauli,  Peru,  hot  sulphur-springs,  depositing 
sulphur  at  the  surface,  are  found  close  to  cinnabar-deposits,  and  hot 
springs  are  also  found  near  the  Santa  Barbara  quicksilver-mines, 
Huancavelica,  in  the  same  country. 

*  Traire  des  Gites  Mineraux  et  Metalli/eres,  1892,  vol.  ii.,  page  670. 
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Near  Monte  Amiata,  in  Tuscany,  are  several  highly  interesting 
cinnabar-deposits  which  have  been  examined  by  Messrs.  Primat,  B. 
Lotti,  P.  de  Ferrari,  and  others.  The  latest  writer  on  these  quicksilver 
mines,  Mr.  R.  Rosenlecher,  says : —  * 

Diverse  as  the  character  of  the  deposits  may  be,  their  common  origin  from  solfa- 
taric  springs,  which  held  in  solution  cinnabar  and  other  sulphides,  is  evident,  and 
they  may  be  all  ranged  in  the  one  category  of  "impregnation  deposits."  The 
hydrogen-sulphide  springs  and  gas-wells,  which  still  abound  in  the  district,  lend 
confirmation  to  this  view. 

At  the  Montebuono  mine  .  .  .  Miocene  sands  overlie  and  conceal  the  Num- 
mulitic  Limestone.  When  the  workings  were  driven  down  about  100  feet  through 
the  sands  a  great  vertical  crevice,  6  feet  or  so  wide,  was  struck.  It  appears  to  split 
the  whole  mountain,  and  is  no  doubt  one  of  the  results  of  the  ancient  volcanic 
outbursts  of  Monte  Amiata.  This  crevice  is  filled  up  with  Miocene  sands  and  clays 
impregnated  with  cinnabar  in  an  extremely  fine  state  of  division,  and  in  the 
immediately  neighbouring  rock  are  several  funnel-shaped  cavities,  also  filled  with 
metallif  erous  sands  and  clays,  the  proportion  of  cinnabar  increasing  with  the  depth 
from  the  surface.     On  the  whole,  the  average  percentage  [of  metal]  is  0*4  to  0-5. 

These  funnel-shaped  cavities  would  appear  to  bear  some  analogy  to 
the  trojas  of  Huitzuco. 

Again,  at  the  Siele  mine,  ...  in  Middle  Eocene  limestone  and  shales, 
.  .  .  are  .  .  .  pockets  filled  with  a  dark  grey  clay,  veined  with  calcite 
(biocca).  In  this  are  embedded  iron  pyrites  and  cinnabar,  more  or  less  concen- 
trated at  one  point,  or  sometimes  evenly  dispersed  throughout  the  mass.  .  .  .  The 
best  part  of  a  pocket  is  generally  near  its  lower  end,  where  it  contracts  funnel- 
wise  into  a  narrow  tube,  through  which,  probably,  the  inflow  of  the  metalliferous 
solutions  took  place.  The  average  longitudinal  extent  of  the  pockets  is  from  160 
to  260  feet,  vertical  from  130  to  160,  and  thickness  3|  to  6£  feet. 

At  Guadalcazar,  State  of  San  Luis  Potosi,  the  only  other  quicksilver 
deposit  in  the  Republic  of  Mexico  developed  to  any  great  extent  occurs  in 
Cretaceous  limestone,  bearing  a  strong  resemblance  to  that  of  Huitzuco. 

The  ore  is  chiefly  cinnabar  associated  with  calcite  and  fluorspar  and 
native  sulphur  occasionally,  and  is  said  to  occur  in  the  form  of  blankets 
(manfos)  alternating  with  layers  (capas)  of  greyish-black  limestone,  and 
having  a  general  direction  of  north  40  degs.  east  to  south  40  degs.  west, 
and  dipping  35  degs.  north-west.  Between  the  manto  and  the  limestone 
there  is  generally  a  layer  of  gypsum ;  however,  sometimes  the  roof  or  floor 
consists  of  ferruginous  clay.  Besides  the  mantos,  the  cinnabar  is  found 
as  small  veins  or  threads  coursing  through  the  limestone  in  various  direc- 
tions, or  forming  a  kind  of  stockwork.  Guadalcazarite  occurs  here 
associated  with  cinnabar,  and  livingstonite  has  also  been  found,  but  is  scarce. 

*  The  writer  quotes  from  an  abstract  published  in  Trans.  Fed.  Inst.,  vol.  viii., 
pages  632-5,  not  having  had  an  opportunity  of  consulting  the  original  paper,  which 
is  published  in  Zeitschrift  fur  2)rakti$che  Gcologie,  1891,  pages  337-53. 
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Messrs.  F.  de  P.  Zarate  and  L.  Floresi*  say  that— 

The  quicksilver  zone  near  Guadalcazar  consists  of  a  band  (faja)  of  limestone 
rock  altered  to  a  calcarous  tufa  {tola  oaliza),  with  openings  or  concavities  (abras 
or  oquedades),  often  acquiring  large  dimensions,  and  traversed  by  threads  or  small 
veins  (hUos  or  vetillas)  of  gypsum,  and  according  to  Mr.  Ramirez,  the  altered  lime- 
stone alternates  with  more  or  less  extensive  beds  of  the  latter  rock.  Such  openings 
are  generally  filled  with  clays  or  gravels  through  which  cinnabar  is  sometimes 
irregularly  distributer!. 

The  Sant  Antonio  de  Padna  mine  was  the  deepest  in  1878.  One  rich 
manto  was  met  with  at  a  depth  of  65  feet,  and  another  at  a  depth  of 
164  feet. 

The  eruptive  of  the  district  is  a  quartz-porphyry,  and,  as  at  Huitzuco, 
it  comes  to  the  surface  at  a  considerable  distance  from  the  quicksilver- 
mines.  At  Guadalcazar,  the  porphyry-rock  is  traversed  by  numerous 
silver-bearing-  veins,  while  the  felspar- porphyry  hill  about  2|  miles  north- 
east of  Huitzuco,  known  as  Cuitlanapa,  contains  some  veins  and  alluvial 
deposits  of  haematite. 

Since  Mr.  Santiago  Ramirez,  the  Mexican  geologist,  wrote  his 
memoir!  on  these  deposits,  from  which  most  of  the  above  particulars  are 
taken,  considerable  development  work  has  been  done  on  them  by  an 
English  company,  which  cannot  fail  to  throw  considerable  light  on  their 
probable  origin.  However,  so  far  as  the  writer  is  aware,  little  or  nothing 
of  any  scientific  value  has  been  published  about  the  results  of  the  later 
workings. 

These  deposits  would  appear  to  bear  a  considerable  analogy  to  those 
of  Huitzuco,  and  they,  too,  most  probably  had  a  solfataric  origin.  It 
would  seem  probable  that  the  so-called  mantos  are  in  reality  pockets 
connected  together,  and  that  the  roof  and  floor  of  the  deposit  have  been 
altered  to  gypsum  by  the  sulphuric  acid  present  in  the  spring,  as  at 
Huitzuco. 

In  the  Cerro  de  San  Cayetano  in  the  same  (Guadalcazar)  district 
there  is  a  curious  so-called  cave  (cueva)  in  the  limestone.  The  opening 
is  in  the  form  of  an  ellipse,  590  feet  by  328  feet.  It  enters  vertically  to 
a  depth  of  20|  feet,  and  then  dips  40  degs.  for  656  feet.  The  whole  of 
the  limestone  is  coloured  by,  and  here  and  there  spotted  with,  cinnabar. 
Near  Xochitepec,  Cuernavaca  (Morelos)  is  likewise  a  curious  ellipsoidal 
grotto,  and  near  the  Cerro  de  Apaltaco,  in  the  same  district,  there  occurs 

*  El  Minero  Mexicano,  vol.  ii.  (1875),  pages  500-503. 

t  •■  Informe  sobre  el  Mineral  de  Guadalcazar  .  .  ."  Anales  del  Ministerio  de 
Fomento  de  la  Rep.  Mexic,  vol  iii.,  1877,  pages  339-404.  For  the  mercury-mines, 
see  pages  395  to  402. 
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a  spring  of  sulphuretted  hydrogen  of  an  elliptical  form,  the  longer  axis 
measuring  14  feet,  and  the  smaller  9  feet.  In  the  waters,  carbonic  acid 
is  found  besides  sulphuretted  hydrogen,  and  among  the  fixed  substances  are 
sulphate  of  lime,  chlorides  of  potassium  and  sodium,  and  free  sulphur 
(produced  by  decomposition  of  H.2S). 

Here,  then,  we  have  positive  evidence  of  a  sulphur-spring  having 
formed  a  channel  in  limestone-rock  which  is  elliptical  in  cross  section, 
and  the  two  grottos  mentioned  above  were  most  probably  formed  in  like 
manner. 

Method  of  Exploitation. 

The  system  of  working  presents  few  features  of  particular  interest. 
To  a  depth  of  nearly  300  feet  the  ore  was  taken  along  cross-cuts  to  the 
plats  (called  Despacho  Xo.  1  and  No.  2,  Figs.  4  and  5,  Plate  I.)  in  the 
Trinidad  shaft.     Below  this  depth  it  is  hoisted  up  the  main  shaft. 

Some  low-grade  ore  from  the  second  pocket,  too  poor  to  extract,  is 
packed  in  the  mine,  being  walled  round  with  deads  (tier  r  a  de  limpid  or 
tecoraT),  forming  what  is  called  a  caja  de  limpia. 

As  already  stated,  the  ore  in  the  bottom  is  being  worked  out  in 
immense  chambers.  The  rock  (limestone)  is  so  solid  that  no  supports  are 
necessary. 

When  the  writer  was  at  the  mines,  the  ore  was  being  carried  by 
youths  and  boys  (tenateros)  to  the  bottom  of  the  main  shaft  up  a  kind  of 
staircase  cut  in  the  limestone.  Wicker  baskets  (chiqnehuites  or  chicuites) 
without  handles,  and  strengthened  at  the  bottom  and  sides  with  leather, 
were  used  for  this  purpose,  being  carried  on  the  shoulders,  and  strapped 
across  the  forehead. 

When  the  shaft  is  connected  with  the  bottom  workings  this  primitive 
method  will  be  dispensed  with,  and  safety-cages  (here  called  chalupas  de 
segur  ideal)  will  replace  the  present  skips  (canastros). 

History. 

The  surface-deposits  were  discovered  in  1873,  and  the  deeper-lying 
livingstonite-deposit  the  following  year.  The  first  of  the  former  discovered 
was  that  called  El  Coahulote  de  los  Muertos  (Coahulote  of  Fig.  1,  Plate 

I.). 

Mr.  Thevenet  purchased  the  mines  of  the  discoverers  (Mexicans)  in 

1874  and  formed  a  company  to  work  them,  which,  afterwards,  coming  to 
grief,  was  re-formed  with  the  aid  of  fresh  capital.      The  mines  were 
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worked  on  the  joint-stock  plan  for  eleven  years,  when,  in  1885,  they  were 
purchased  outright  by  Mr.  Romero  Rubio,  Secretary  of  the  Interior,  who 
has  since  worked  them  as  a  private  concern. 

The  writer  examined  the  mines  in  the  interests  of  the  present  owner. 

Yield. 

There  is  no  doubt  that  the  mines  have  up  to  date  yielded  a  large 
quantity  of  quicksilver,  probably  more  than  30,000  flasks,  but  exact 
statistics  are  extremely  difficult  (if  not  impossible)  to  obtain. 

During  the  first  few  years'  working  much  quicksilver  (probably  50  per 
cent.)  was  lost,  owing  to  the  crude  means  of  reduction  employed. 

The  Reduction- Works. 

The  ore  is  divided  into  four  classes : — 

1.  High-grade  ore  or  pepena,  containing  from  10  to  12  per  cent,  of 
mercury. 

2.  Low-grade  or  ordinary  ore  (metal  ordinario,  comun,  or  desplo- 
bado),  containing  about  1  per  cent  of  mercury. 

3.  Middlings  or  gramas,  of  about  the  same  grade  as  No.  2. 

4.  Smalls  or  tierras,  containing  about  \  per  cent,  of  mercury. 

No.  1  is  usually  treated  in  the  same  furnace  as  No.  2  or  3  according  to 
its  size,  though  the  wisdom  of  this  is  questionable.  A  higher  extraction 
would  no  doubt  be  effected  by  reducing  No.  1  by  itself  in  iron  retorts 
with  quicklime.  Very  little  ore  of  this  class  was  being  extracted  when 
the  writer  was  at  the  mines. 

Figs.  6,  7,  and  8  (Plate  I.)  give  the  details  of  the  furnace  used 
for  treating  the  ordinary  or  No.  2  ore.  It  was  designed  in  California, 
and  is  similar  to  some  of  the  furnaces  used  in  the  quicksilver-mines  of 
that  country.  The  shaft  (vaso)  is  rectangular  in  horizontal  section,  and 
is  about  19^  feet  in  height. 

The  ore  is  charged  in  large  lumps,  and  undergoes  a  simple  calcination. 
The  fuel  is  firewood,  which  is  burnt  on  fireplaces  on  the  longer  sides  of 
the  furnace,  the  heat  and  products  of  combustion  entering  the  shaft 
down  the  inclined  passages  shown.  The  mercurial  vapour,  antimony 
fumes,  etc.,  pass  out  near  the  top  of  the  shaft  and  go  down  an  inclined 
plane,  and  then  through  the  condensing-chambers  and  up  the  inclined 
flue  and  stack. 

There  are  two  furnaces  of  the  above  design  built  side  by  side,  only 
one  of  which  was  in  operation  last  year.  Each  furnace  has  a  capacity  of 
from  675  to  750  tons  per  month.  The  charge  amounts  to  about  ]£  tons 
at  a  time. 
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The  mercury  fumes,  etc.,  pass  a  set  of  thirty  condensing-chainbers 
(camaras  de  condensation)  connected  with  each  other  alternately  above 
and  below,  as  usual,  then  along  an  inclined  flue  (canon)  about  426  feet 
long,  divided  up  into  horizontal  divisions,  and  afterwards  up  a  vertical 
chimney  (chimenea)  32  feet  high.  A  separate  set  of  condensing- 
chambers  is  being  built  for  Xo.  2  furnace  (Fig.  2,  Plate  I.). 

The  air  is  drawn  through  the  condensing-chambers  by  a  Roots  fan 
placed  at  the  extremity  of  the  last  one. 

Each  furnace  with  1  per  cent,  ore  will  yield  about  100  flasks  of 
mercury  per  month.  About  90  per  cent,  of  the  quicksilver  extracted 
condenses  on  the  sides  (paredes)  of  the  condensing-chambers.  The  rest 
falls  to  the  bottom  (piso)  with  some  antimony-oxide,  soot,  etc.,  forming 
a  black  ash  (ceniza)  containing  about  30  per  cent,  of  mercury  in  fine 
globules.  This  ash  is  put  in  a  large  sloping  iron  plate,  a  little  water  is 
sprinkled  on  it,  and  it  is  then  scraped  with  an  iron  rake.  When  too  wet 
quicklime  is  added.  The  residues,  after  washing,  contain  about  18  per 
cent,  of  mercury,  and,  it  is  said,  14  per  cent,  of  antimony  (as  oxide). 
From  600  tons  of  ore  about  9  tons  of  the  washed  residue  will  be 
obtained. 

The  residues  are  worked  into  round  balls  (bolas)  by  means  of  the 
clayey  tierras  from  the  Coahulote  opencast  workings,  and  are  reduced 
with  the  smalls  in  another  kind  of  furnace. 

The  loss  in  the  calcination  amounts  to  from  14  to  16  per  cent.  The 
smalls  (tierras)  are  treated  in  a  smaller  furnace,  containing  at  the  bottom 
of  the  shaft  (vaso)  a  number  of  fire-bars  sloping  against  each  other 
thus  A,  and  spread  out  like  a  fan,  or  closer  together  above  than  below. 

The  ore  is  mixed  with  water  until  it  is  of  the  consistence  of  wet  clay, 
and  is  then  made  into  balls  about  3  inches  in  diameter.  These  are  dried 
in  the  sun  in  the  patio  or  yard,  and  then  stored  in  the  bodega  ready  for 
calcination.  The  cost  of  making  into  balls,  drying,  and  putting  in  the 
store-room,  is  about  50  cents  (silver)  per  ton. 

One  man  can  make,  on  an  average,  l-8  tons  of  bolas  per  day  (extremes, 
0-8  ton  and  3  tons  per  day).  It  takes  four  days  to  dry  the  balls  in  the 
sun,  or  two  days  for  each  half  exposed.  The  smalls  containing  much 
clay  are  mixed  with  others  containing  a  good  deal  of  sand. 

The  furnace  having  been  well  lighted  with  firewood  and  charcoal,  is 
charged  with  900  lbs.  (or  three  cargas)  of  a  mixture  of  balls  and  charcoal. 
Each  charge  consists  of  300  lbs.  (one  cargo)  of  bolas,  and  25  lbs.  (one 
arroba)  of  charcoal.  The  capacity  of  the  furnace  is  about  225  tons  per 
month. 


88  QUICKSILVER  MINES  IN  MEXICO. 

The  mercury  passes  into  water-troughs  at  the  foot  of  each  of  the  six 
condensing-chambers,  and  what  remains  uncondensed  goes  along  a  canon 
about  100  feet  long,  and  then  up  a  chimney  40  feet  high,  a  wood  fire  at 
the  base  creating  the  necessary  draught. 

A  furnace  of  225  tons  capacity,  treating  \  per  cent,  ore,  will  yield 
from  50  to  60  flasks  of  mercury  per  month,  the  loss  being  from  10  to  12 
per  cent. 

The  apparently  high  production  is  due  to  the  addition  of  about  9 
tons  of  ceniza  from  the  larger  furnace. 

The  burnt  bolas  (tierras  quemadas)  are  brick-red  in  colour,  extremely 
hard,  and  contain  only  traces  of  quicksilver. 

The  middlings,  or  gramas,  consisting  of  chips  broken  off  when 
smashing  up  the  large  pieces  of  ore  with  a  sledge-hammer,  are  treated  in 
a  double  furnace  of  similar  construction,  together  with  larger  sized  bolas 
(•4  inches  in  diameter). 

A  certain  proportion  of  granzas,  namely,  1  part  to  17  of  bolas, 
is  put  in  with  every  charge.  Each  double  charge  consists  of  about  1*5 
tons  in  weight.  The  ore  is  first  charged  into  a  hopper  on  one  side  at  the 
top.  The  outer  door  is  then  closed,  and  a  door  leading  into  the  shaft  is 
opened  for  the  charge  to  fall  down. 

A  furnace  with  a  capacity  of  525  tons  per  month  of  ore,  containing 
^  per  cent,  of  mercury,  will  produce  from  50  to  60  flasks. 

The  mine  last  year  was  producing  about  200  flasks  of  mercury  per 
month,  and  was  making  a  good  profit  with  this  product.  With  the 
second  furnace  running,  the  product  would  be  about  300  flasks  per 
month. 

By  making  alterations  in  the  surface  arrangements,  by  building  two 
small  furnaces,  and  by  introducing  certain  improvements  in  the  treat- 
ment of  the  ore,  the  product  could,  no  doubt,  be  largely  increased. 

Whether  it  would  pay  to  save  the  antimony  from  the  low-grade  ore  as 
a  by-product  is  questionable,  considering  the  present  low  price  of  that 
metal. 

The  quicksilver  produced  is  consumed  in  Tasco  and  other  silver 
districts  of  the  republic.  Each  flask  {fiasco)  contains  75  lbs.  of  quick- 
silver, and  was  worth  60  (silver)  dols.  last  October. 

The  writer  does  not  feel  himself  at  liberty  to  give  details  as  to  costs  of 
mining,  reduction,  etc.,  or  the  actual  amount  of  profit  obtained. 

The  meeting  was  then  closed. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 
Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 
Octobeb  12th,  1895. 


Mr.  A.  L.  STEAVENSON,  Past-President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  September 
28th  and  that  day. 


The  proceedings  of   the  Council  of   The  Federated   Institution  of 
Mining  Engineers  were  reported. 


AWARDS  FOR  PAPERS. 

The  Secretary  read  the  following  list  of  papers  read  during  the 
year  1894-95,  for  which  prizes  have  been  awarded  by  the  Council  to  the 
authors : — 

"  Sinking  with  Rock-drills."     By  Mr.  Frank  Coulson. 

"The  Effect  of  an  Obstruction  in  the  Air-way  ol  a  Mine."  By  Mr.  T.  L. 
Elwen. 

"  Magnetic  Declination  in  Mines."     By  Mr.  James  Henderson. 

"  The  Working  of  Haematite  in  the  Whitehaven  District."  By  Mr.  J,  M. 
Main. 

"  The  Mining  of  the  Softer  Ores  of  Furness."     By  Mr.  H.  Mellon. 

••  Improvements  in  Brick-kilns."     By  Mr.  R.  W.  Moore. 

"  The  Extension  of  the  Cumberland  Coal-field,  Southward  and  Northward 
under  the  St.  Bees  Sandstone."     By  Mr.  R.  Russell. 

"  Electric  Transmission  of  Power."     By  Mr.  Alexander  Siemens. 

"Saving  of  Life  from  After-damp," Smoke,  or  Fumes  in  Mines."  By  Mr. 
Simon  Tate. 

"  Engineering  Heliography,  or  the  Sun-print  Copying  of  Engineering  Draw- 
ings."    By  Mr.  B.  H.  Thwaite. 

"  British  Guiana  Gold-fields."     By  Mr.  E.  P.  Wood. 

'•  The  Murton  Coal-washer."     By  Mr.  W.  O.  Wood. 
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The    following    gentlemen    were    elected,   having    been    previously 
nominated : — 

Members — 

Mr.  Carl  Andersen,  Mining  and  Metallurgical  Engineer,  Mogollon,  New 

Mexico,  U.S.A. 
Mr.    W.    J.    Armstrong,   Mining    Engineer,    c/o   Mr.    D.    Rowe,   Ferreira 

Gold  Mining  Co.,  Johannesburg,  Transvaal,  S.A.R. 
Mr.    William    Blakemore,   Mining    Engineer,    Glace   Bay,    Cape   Breton, 

Canada. 
Mr.  Frederick  Groendycke  Bulkley,  Mining  Engineer  and  Mine  Operator, 

Denver,  Colorado,  U.S.A. 
Mr.    Henry    Samuel   Denny,   Mining    Engineer,   c/o  the   D.    D.    Banket 

Gold  Mining  Co.,  Ltd.,  Maritzburg,  Natal. 
Mr.   W.   Martin  Epton,  Engineer,   The  Village  Main  Reef  Gold  Mining 

Co.,  Ltd.,  Mine  Office,  P.O.  Box  737,  Johannesburg. 
Mr.  Edward  William  Hawker,  Metallurgist  and  Assayer,  Adelaide  Club, 

Adelaide,  South  Australia. 
Mr.  R.  Spencer  Hawkins,  Mining  Engineer,  Ayrshire  Mine,  Lo  Mogunda, 

Salisbury,  Mashonaland,  South  Africa. 
Mr.  Septimus  Heslop,  Manager,  New  Beerbhoom  Coal  Co. ,  Ltd. ,  Asansol, 

Bengal,  India. 
Mr.   Charles  Edward  Hogg,   Civil  Engineer,  No.   1,   St.   Helen's  Place, 

London,  E.C. 
Mr.   Charles  Kaufman,   Mining   Engineer,   St.   George's   Terrace,  Perth, 

Western  Australia. 
Mr.   H.  K.   Landis,   Mining  Engineer   and   Metallurgist,   253,   Broadway, 

P.O.  Box  1833,  New  York,  U.S.A. 
Mr.  John  Lassey,  Civil  and  Mining  Engineer,  Certificated  Colliery  Manager, 

Surveyor  and  Valuer,  Westminster  Road,  Liverpool. 
Mr.   David  Mackeen,  General  Manager,  Dominion  Coal  Co.,  Ltd.,  Glace 

Bay,  Cape  Breton,  Canada. 
Mr.   James  Mackintosh,  Mechanical  and  Mining  Engineer,  Raneegunge, 

India,  and  Lamancha,  Peebleshire,  Scotland. 
Mr.  Ralph  Martin,  Manager,  Cardigan  Stone  Co.,  Ltd.,  Llandyssil,  South 

Wales. 
Mr.  Charles  Atkinson  Molson,  Mining  Engineer,  c/o  the  Elkhorn  Mining 

Co.,  Ltd.,  Elkhorn,  Jefferson  Co.,  Montana,  U.S.A. 
Mr.  Giles  Otis  Pearce,  Assayer,  Mineralogist,  and  Chemist,  70S,  Colorado 

Avenue,  Colorado  City,  Colorado,  U.S.A. 
Mr.  Robert  Roberts,  Manager,  Oakeley  Slate  Quarries  Co.,  Ltd.,  Blaenau 

Ffestiniog,  North  Wales. 
Mr.  Samuel  M.  Robins,  Superintendent,  The  New  Vancouver  Coal  Mining 

and  Land  Co.,  Ltd.,  Nanaimo,  British  Columbia. 
Mr.  William  Henry  Seamon,  Professor  of  Chemistry  and  Metallurgy,  and 

Director  of  the  New  Mexico  School  of  Mines,  Socorro,  New  Mexico, 

U.S.A. 
Mr.  Thomas  Frederick  Veasey,  Civil  and  Mechanical  Engineer,  5,  Copthall 

Buildings,  London,  E.C. 
Mr.    Gardner  F.    Williams,   General  Manager,   De   Beers  Consolidated 

Mines,  Ltd.,  Kimberley,  South  Africa. 
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Mr.   H.   J.   Carnegie   Williams,   General   Manager,    Philippines   Mineral 

Syndicate,  Ltd.,  c/o  Hong  Kong  and  Shanghai  Banking  Corporation, 

Manila,  Philippine  Islands. 
Mr.    Joseph   E.    Wilson,  Manufacturer    and    Mechanical   Engineer,    1001, 

Chestnut  Street,  Philadelphia,  U.S.A. 
Mr.  Thomas  Trafford  Wynne,  Mining  Engineer,  The  Burma  Ruby  Mines, 

Kyatpyin,  Upper  Burma. 

Associate  Members — 

Mr.  M.  J.  Morpurgo,  Georgetown,  Demerara,  British  Guiana. 
Mr.  R.  T.  Schraubstadter,  San  Luis  de  la  Paz,  Gto,  Mexico. 
Mr.  Edward  G.  Stoiber,  Mine  Owner,  P.O.  Box  129,  Silverton,  Colorado, 
U.S.A. 

Associate — 

Mr.  Robert  Robson,  Overman,  2,  Thornley  Terrace,  Tow  Law,  R.S.O.,  Co. 
Durham. 

Student — 
Mr.  Walker  Oswald  Tate,  Mining  Student,  Trimdon  Grange. 


CONFERENCE  OF  DELEGATES  OF  CORRESPONDING: 
SOCIETIES  OF  THE  BRITISH  ASSOCIATION  FOR  THE 
ADVANCEMENT  OF  SCIENCE,  IPSWICH,  1895. 

The  report  of  the  proceedings  of  the  Corresponding  Societies  Com- 
mittee of  the  British  Association  was  read,  and  of  Mr.  J.  H.  Meri- 
vale,  the  delegate  representing  the  Institute,  as  follows  :  — 

Togston  Hall.  Northumberland, 

October  1st,  1895. 
To  the  President  and  Council  of  the  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers. 
Gentlemen. 

I  attended  the  conference  of  delegates  of  the  corresponding  societies,  at  the 
meeting  of  the  British  Association  for  the  Advancement  of  Science  held  in 
September.  1895.  at  Ipswich.  N 

The  committee,  as  you  are  aware,  have  declined  to  receive  delegates  from  some 
of  the  societies  forming  The  Federated  Institution  of  Mining  Engineers  on  the 
ground  that  they  print  no  Transactions  and  undertake  no  independent  original 
work,  that  everything  they  do  is  done  through  The  Federated  Institution  of 
Mining  Engineers  whose  delegate,  therefore,  represents  each  and  all  of  the  federated 
institutes.  I  pointed  out  that  independent  original  work  was  done  from  time  to 
time  by  individual  institutes,  that  some  of  these  institutes  were  very  large  and 
important,  that  they  were  scattered  over  Great  Britain,  and  that  it  appeared  to  be  a 
mistake  for  the  committee  not  to  encourage  as  many  societies  as  possible  to  send 
delegates  and  take  an  interest  in  the  furtherance  of  scientific  work.  The  committee 
sympathized  with  my  views,  and  will  reconsider  the  question. 
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Suffolk  is  an  agricultural  county  and  several  of  the  most  important  papers  were 
upon  farming.  In  these  days  when  many  coal-owners  are  also  of  necessity  farmers, 
it  cannot  be  said  that  this  subject  is  not  of  more  than  general  interest  to  the 
members  of  the  Institute  :  but.  as  in  the  past.  I  propose  to  confine  my  remarks  to 
the  papers  and  reports  bearing  more  directly  upon  mining. 

There  were  several  papers  upon  the  old  rocks  underground  in  south-eastern 
England.  In  the  first  place,  Mr.  W.  Whitaker,  the  President  of  the  Geological 
3  ion,  devoted  a  considerable  portion  of  his  address  to  the  prospects  of  finding  coal 
beneath  the  newer  rocks  in  the  south-east  of  England  ;  and  gave  in  an  appendix  a 
list  of  the  chief  pipers  upon  the  subject  published  since  1889.  He  said  that 
accounts  had  been  published  of  ten  deep  borings  reaching  to  the  older  rocks  of  .the 
London  basin.  In  four  of  these  (Meuxs,  Streatham,  Richmond,  and  Dover) 
Jurassic  beds  separate  those  rocks  from  the  Cretaceous  beds  ;  and  there  are  six 
in  which  these  last  rest  directly  on  older  rocks  (Ware,  Cheshunt,  Kentish  Town, 
Crossness.  Culford,  and  Harwich  ;  and  Stutton,  of  course,  makes  a  seventh).  The 
Jurassic  rocks  occur  only  in  the  southern  borings,  either  in  London  or  still  further 
southward,  and  in  one  case  only  (Dover)  is  there  any  considerable  thickness  of 
these  ;  in  the  other  three  they  are  from  38^  to  87^  feet  thick.  So  far  as  regards 
Suffolk  and  its  borders  we  may  therefore  disregard  them,  except  in  the  far  west, 
near  their  outcrop,  and  we  may  pass  on  to  consider  the  older  rocks  that  have  been 
found.  So  far  the  occurrence,  next  beneath  the  Cretaceous  or  Jurassic  beds,  of 
Silurian,  Devonian,  and  Carboniferous  rocks  has  been  proved,  whilst  in  some  cases 
we  are  still  doubtful  as  to  the  age  of  the  old  rocks  found.  In  five  cases,  distinctive 
fossils  have  been  found  (Ware,  Cheshunt,  Meuxs,  Dover,  and  Harwich),  but  in  five 
others  they  have  not  (Kentish  Town.  Crossness,  Richmond,  Streatham.  and  Culford), 
and  it  is  in  the  latter  group,  too,  that  the  character  of  the  beds  leaves  their  age  in 
doubt.  So  far  another  must  be  added  to  these,  as  no  fossil  has  yet  been  found  in 
the  old  rocks  at  Stutton.  Of  the  ten  deep  borings  in  the  London  basin  (using  that 
term  in  the  widest  sense,  as  including  the  Chalk  tract  that  everywhere  surrounds 
the  Tertiary  beds),  nine  are  due  to  endeavours  to  get  water  from  deep-seated  rocks. 
and  in  addition  to  these  nine  we  have  several  other  deep  borings,  which,  though  not 
carried  through  to  the  base  of  the  Secondary  rocks,  yet  give  us  much  information 
concerning  those  beds  (at  Holkham,  Norwich.  Combs.  Winkfield,  London,  Loughton. 
Chatham,  and  Dover).  In  one  case  only,  that  of  Dover,  has  the  work  been  done  for 
the  purpose  of  exploration,  but  now.  after  a  few  years'  interval,  a  second  trial  has 
been  made  at  Stutton.  Both  of  these  borings  were  started  for  a  much  more  definite 
object  than  merely  to  prove  the  depth  to  older  rocks,  or  the  thickness  of  the 
Cretaceous  and  Jurassic  series.  The  first  place  to  suggest  itself  to  those  geologists 
who  had  worked  at  this  question,  as  a  good  site  for  trial,  was  the  neighbourhood  of 
Dover,  and  for  various  good  reasons.  The  trial  has  been  made,  and  successfully, 
several  hundred  feet  of  Coal-measures  having  been  found,  without  reaching  their 
base,  but  with  several  beds  of  workable  coal.  Beyond  that  neighbourhood,  how- 
ever, geologists  are  not  in  such  accord,  and.  generally  speaking,  fairly  good  reasons 
can  be  given  both  for  and  against  the  selection  of  many  tracts  for  trial,  except  in 
and  near  London,  where  no  geologists  would  recommend  it.  from  the  evidence  in 
our  hands.  Let  us  then  shortly  review  the  evidence  that  we  have  on  the  under- 
ground extension  of  the  older  rocks  in  south-eastern  England,  with  a  view  of  con- 
sidering the  question  of  the  possibility  of  finding  Coal-measures  in  any  of  the  folds 
into  which  those  rocks  have  probably,  nay.  almost  certainly,  been  thrown.  The 
area,  within  which  the  borings  that  reached  older  rocks  in  the  London  basin  are 
enclosed,  is  an  irregular  pentagon,  from  near  Dover,  on  the  south-east,  to  Richmond 
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on  the  west,  thence  to  Ware,  thence  to  Culford  on  the  north,  thence  to  Harwich, 
and  thence  southward  to  Dover,  the  greatest  distance  between  any  two  borings  being 
from  Dover  to  Culford,  about  86  miles.  It  is  therefore  over  a  large  tract,  extending 
of  course  beyond  the  boundaries  sketched  above,  that  we  have  good  reason  to  infer 
that  older  rocks  are  within  reasonable  distance  of  the  surface,  nowhere  probably  as 
much  as  1,600  feet,  and  mostly  a  good  deal  less.  "We  must  now  consider  some 
evidence  outside  the  tract  hitherto  dealt  with.  Southward  of  the  central  and 
eastern  parts  of  the  London  basin  we  have  evidence  that  the  Lower  Cretaceous 
beds  thicken  greatly,  from  what  is  seen  over  their  broad  outcrop  between  the  North 
and  South  Downs.  We  know  also,  from  the  Dover  and  Chatham  borings,  that  the 
Upper  and  Middle  Jurassic  beds  come  in  to  the  south-east,  whilst  the  Sub-Wealden 
exploration,  near  Battle,  proved  that  those  divisions  thicken  greatly  southward,  the 
latter  not  having  been  bottomed  at  the  depth  of  over  1,900  feet,  at  that  trial-boring. 
Westward,  however,  near  Burford  in  Oxfordshire,  and  some  miles  northward  of  the 
nearest  part  of  the  London  basin.  Carboniferous  rocks  have  been  found  at  the 
depth  of  about  1,180  feet,  these  being  separated  from  the  thick  Jurassic  beds 
(including  therein  the  Liassic  and  Rhastic)  by  perhaps  420  feet  of  Trias.  They  consist 
of  Coal-measures,  which  were  pierced  to  the  depth  of  about  230  feet.  In  and  near 
Northampton,  north-eastward  of  the  last  site,  and  still  further  from  the  northern 
edge  of  the  London  basin,  the  like  occurs ;  but  the  beds  found  are  older  than  the 
Coal-measures,  and  the  Trias  is  thin,  not  reaching  indeed  to  90  feet  in  thickness, 
and  being  absent  in  one  case.  At  one  place,  too,  the  Carboniferous  beds  have  been 
pierced  through,  with  a  thickness  of  only  222  feet,  when  Old  Red  Sandstone  was 
found,  and  in  another  place  still  older  rock  seems  to  have  been  found  next  beneath 
the  Trias.  The  depth  to  the  rocks  older  than  the  Trias,  where  they  were  reached, 
was  677,  738,  and  790  feet,  or  395.  460,  and  316  feet  respectively  below  sea-level. 
Some  of  these  figures  must  be  taken  as  somewhat  approximate,  though  they  are 
near  enough  to  the  truth  for  practical  purposes.  A  boring  at  Bletchley,  to  the 
south,  reached  granite  rocks  at  the  depths  of  378^  and  401  feet ;  but  these  rocks 
seem  to  be  only  boulders  in  the  Jurassic  clay  ;  their  occurrence,  however,  is  sug- 
gestive of  the  presence  of  older  rocks  at  the  surface  in  Middle  Jurassic  times.  Much 
further  northward,  at  Scarle.  south-west  of  Lincoln,  the  older  rocks  have  been 
reached  at  the  depth  of  about  1,500  feet,  all  but  141  of  which  are  Trias,  and  they 
begin  with  the  Permian  (which  crops  out  some  18  miles  westward),  the  Carbonif- 
erous occurring  after  another  400  feet,  and  having  been  pierced  to  130  feet.  We,  have 
then,  evidence  that  over  a  large  part  of  south-eastern  England,  reaching  northward 
and  westward  of  the  London  basin,  though  the  older  rocks  are  hidden  by  a  thick 
mantle  of  Jurassic.  Cretaceous,  and  Tertiary  beds,  yet  they  seem  to  be  rarely  at  a 
depth  that  would  be  called  very  great  by  the  coal-miner.  They  are  distinctly 
within  workable  depths  wherever  they  have  been  reached.  There  is  no  area  of  old 
rocks  at  the  surface  in  our  island,  south  of  the  Forth,  in  which  Coal-measures  are 
not  a  constituent  formation.  Further  north,  in  the  great  tract  of  central  and 
northern  Scotland,  there  are  no  Carboniferous  rocks,  but  we  can  hardly  say  that 
none  ever  occurred,  at  all  events  in  the  more  southern  parts.  We  know,  however, 
that  on  the  west  and  north.  Jurassic  and  Tiiassic  beds  rest  on  formations  older  than 
the  Carboniferous.  It  is  not,  however,  to  this  more  northern  and  distant  tract  that 
we  should  look  for  analogy  to  our  underground  plain  of  old  rocks  ;  rather  should  we 
look  to  more  southern  parts,  to  Wales  and  to  central  and  northern  England,  where 
Coal-measures  are  of  frequent  occurrence.  On  the  principle  of  reasoning  from  the 
known  to  the  unknown,  Mr.  Whitaker  could  not  see  why  we  should  expect  anything 
but  a  like  occurrence  of  Coal-measures,  in  detached  basins,  in  our  vast  underground 
tract  of  old  rocks.   What,  then,  is  the  evident  conclusion  from  what  we  know  and  from 
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what  we  may  reasonably  infer?  Surely  that  trials  should  be  made  to  see  if  such 
hidden  coal-basins  can  be  found.  One  trial  has  been  made,  and  it  has  succeeded  : 
the  Dover  boring  has  proved  the  presence  of  coal  underground  in  eastern  Kent, 
along  the  line  between  the  coal-fields  of  South  Wales  and  of  Bristol  on  the  west, 
and  those  of  Northern  France  and  of  Belgium  on  the  east.  The  long  gap  between 
the  distant  outcrops  of  the  Coal-measures  near  Bristol  and  Calais  has  been  lessened 
very  slightly  by  the  working  of  coal  under  the  Triassic  and  Jurassic  beds  near  the 
former  place,  but  much  more  by  our  brethren  across  the  Channel,  the  extent  of 
the  Coal-measures  beneath  the  Jurassic  and  Cretaceous  beds,  having  not  only  been 
proved  by  the  French  and  the  Belgians  along  their  borders,  but  the  coal  has  been 
largely  worked.  But  is  this  the  only  line  along  which  we  are  to  search  ?  Are  we  to 
conclude  that  the  only  coal-fields  under  our  great  tract  of  Cretaceous  beds  (where 
these  are  either  at  the  surface  or  covered  by  Tertiary  beds)  are  in  Kent,  Surrey,  and 
other  counties  to  the  west  1  Have  we  no  coal-fields  but  those  of  Bristol  and  of 
South  Wales  ?  The  bounds  of  our  Midland  and  northern  coal-fields  have  been 
extended  by  exploration  beneath  the  New  Red  series  ;  are  we  to  stop  here  and  to 
assume  that  there  can  be  no  further  underground  extension  of  the  Coal-measures 
south-eastward  ? 

Mr.  W.  Whitaker  also  read  a  paper  upon  the  "  Trial  Boring  at  Stutton,"  which  is 
the  first  attempt  made  by  the  Eastern  Counties  Coal-boring  Association.  It  is  situated 
in  low-lying  ground  southward  of  Crepping  hall,  and  has  been  successful  in  reaching 
the  base  of  the  Cretaceous  beds  at  the  depth  of  994  feet,  and  in  proving  that  these 
are  at  once  underlain  by  much  older  rocks.  The  question  now  is,  what  are  these  older 
rocks  ?  and  upon  this  point  Mr.  Whitaker  reserves  his  opinion  for  the  present. 

Mr.  Joseph  Francis  read  a  paper  on  "The  Dip  of  the  Underground  Palaeozoic 
Bocks  at  Ware  and  Cheshunt."  in  which  he  called  attention  to  the  fact  that  some 
geologists  interested  in  ascertaining  the  lie  of  the  ancient  rocks  beneath  the  eastern 
counties  are  doubtful  whether  reliance  can  be  placed  upon  statements  that  have 
been  made  with  regard  to  the  dip  of  the  rocks  found  in  the  deep  borings  at  Ware 
and  Cheshunt.  These  borings  were  undertaken  by  the  New  River  Company 
with  the  object  of  procuring  water  from  the  Lower  Greensand,  but  on  reaching 
certain  depths  it  was  seen  to  be  hopeless  to  expect  water  from  below  the  Gault. 
Orders  were  about  to  be  given  for  a  cessation  of  the  work,  when  a  wish  was 
expressed  by  certain  geologists  that  endeavours  might  be  made  to  learn  the 
direction  of  the  dip  of  the  lowest  stratum  reached  in  each  case.  The  New  River 
Company  thereupon  gave  instructions  for  the  necessary  investigation  to  be  made 
at  their  expense.  A  number  of  scientific  men  formed  themselves  into  a  committee 
to  arrange  the  modes  of  procedure,  and.  under  their  advice,  the  various  experiments 
were  carried  out.  Before  the  year  1872,  a  deep  well  and  boring  had  been  formed 
at  Turnford.  In  1874,  arrangements  were  made  for  deepening  this  bore,  and  an  iron 
tube.  24  inches  in  diameter,  and  nearly  1,000  feet  in  length,  was  provided  for 
conveyincr  the  expected  supply  of  water  to  the  surface.  For  some  time  the  hole 
was  sunk  by  the  old  system  of  boring  with  chisels,  but  in  1878  the  method  of  boring 
by  means  of  diamonds  had  been  perfected,  and  it  was  then  decided  to  obtain  an 
early  solution  of  the  question  by  drilling,  in  this  more  expeditious  way,  a  hole 
at  Ware,  six  miles  north  of  Turnford.  In  the  end.  however,  the  Gault  was  pierced 
through  at  both  places  at  about  the  same  time.  The  various  appliances,  magnetic 
or  mechanical,  either  suggested  or  used  for  obtaining  the  directions  of  the  dip 
0f  the  beds,  were  described  and  illustrated  by  diagrams.  At  Ware,  at  a  depth  of 
828  feet  below  the  surface,  and  31  feet  below  the  top  of  the  stratum,  the  Silurian 
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rocks  dip  at  an  angle  of  41  (legs,  and  towards  south  1  deg.  west.  At  Turnford,  at 
a  depth  of  994  feet  below  the  surface,  and  14  feet  below  the  top  of  the  stratum, 
the  Devonian  'rocks  dip  at  an  angle  of  25  degs..  and  south  17  degs.  west.  At  both 
places,  the  ancient  rocks  dip  in  directions  lying  between  south  and  south-south- 
west,  and  by  placing  on  a  geological  map  of  the  south-eastern  portion  of  England 
lines  to  show  the  ascertained  bearings,  it  is  demonstrated  that  the  greatest 
inclinations  of  the  strata  are.  roughly  speaking,  at  right -angles  to  the  directions  of 
the  chief  axes  of  the  Weald. 

Mr.  F.  W.  Harmer  read  a  paper  on  "  The  Importance  of  Extending  the  Work  of 
the  Geological  Survey  of  Great  Britain  to  the  Investigation  of  the  Deep-seated 
Rocks  by  Means  of  Boring,"  in  which  he  said  that  systematic  exploration  of  the 
subterranean  geology  of  these  islands  was  equally  important  from  a  scientific  and  a 
practical  point  of  view.  At  present  the  knowledge  of  the  structure  of  the  rocks, 
the  author  pointed  out.  is  due  either  to  isolated  and  occasional  borings,  such  as  that 
of  the  Ipswich  Syndicate  in  search  of  coal,  or  to  deep  wells  sunk  by  mercantile  firms, 
but  the  latter  do  not  reach  further  than  is  necessary  to  obtain  a  supply  of  water, 
and  the  work  is  generally  suspended  just  where  it  becomes  geologically  most 
interesting.  But  such  a  survey  is  important,  because  unsuspected  sources  of  wealth 
may  be  hidden  under  our  very  feet.  It  is  a  mistake  to  suppose  that  a  discovery 
such  as  that  of  a  new  coal-field  would  enrich  only  the  landowners  of  the  district, 
because  whenever  any  appreciation  of  real  property  takes  place  the  State  at  once 
claims  its  share  of  the  increased  value,  bolh  for  imperial  and  local  purposes. 

♦ 

Mr.  Garwood  communicated  a  paper  on  "  The  Zonal  Divisions  of  the  Carbonif- 
erous System,"  in  which  he  called  attention  to  previous  attempts  which  had  been 
made  to  divide  the  Carboniferous  rocks  into  zones,  noting  the  zonal  divisions  of  the 
Carboniferous  rocks  of  the  North  of  England,  established  by  Messrs.  De  Koninck 
and  Lohest,  and  the  view  expressed  by  Prof.  Waagen  that  fuller  work  would  enable 
geologists  to  define  a  series  of  zones  in  the  Carboniferous  as  in  older  and  newer 
strata. 

The  "Report  of  the  Committee  on  the  Circulation  of  Underground  Waters" 
contained  a  digest  of  the  previous  twenty  years'  reports.  It  appears  desirable, 
to  the  committee,  that  the  Corresponding  Societies  should  annually  send  the 
details  of  sections,  etc..  to  the  offices  of  the  Geological  Survey  of  the  United 
Kingdom.  Jermyn  Street.  London.  The  general  results  are  as  follows: — (1)  The 
source  of  all  water  supply,  whether  from  streams,  wells  or  natural  springs,  is  the 
rainfall  falling  on  the  area,  or  that  adjacent  to  it.  (2)  The  quantity  of  water  to 
be  obtained  under  all  three  heads  is  that  annually  falling,  less  the  quantity  evap- 
orated, and  less  natural  loss  through  retention  after  natural  filtration.  (3)  The 
quantity  of  underground  water  to  be  obtained  from  sandstones  and  grits  is  governed 
by  the  cubic  content  of  the  interspaces  between  the  grains  ;  the  larger  the  spaces, 
the  greater  the  facility  for  the  storage  and  passage  of  water.  (4)  In  calcareous 
rocks,  such  as  Carboniferous  and  Magnesian  Limestones,  Oolitic  calcareous  rocks, 
and  chalk,  the  grains  are  exceedingly  small,  the  spaces  almost  microscopic,  and 
the  passage  of  water  through  the  rock  exceedingly  slow,  but  waters  so  passed 
are  naturally  and  effectually  filtered.  In  rocks  of  this  class,  however,  open 
spaces,  following  lines  of  joint,  faults,  and  other  planes  of  weakness  constitute 
fissures  and  caverns,  through  which  water  flows  freely  in  defined  channels,  as 
on  the  surface,  and  is  not  subject  to  natural  filtration  like  it.  and  has  not  the 
advantage  of  the  purifying  effect  of  sunlight  on  the  passage.  (5)  When  porous 
rocks  of  different  characters  are  separated  by  thin  beds  of  impermeable  material, 
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it  is  often  possible  to  obtain  several  classes  of  water  from  one  well,  suitable  or 
unsuitable,  as  the  case  may  be,  for  the  brewing  of  ale  or  stout,  the  dilution  of 
spirits,  or  the  exigencies  of  the  wool  or  the  indigo-dying  trades.  (6)  Where  wells 
are  pumped  at  the  same  daily  rate  without  abstracting  what  the  late  Mr.  Hawksley 
called  "  water  of  eistonage,"  the  hardness  is  reduced  after  a  year's  pumping,  and  this 
remains  stationary  over  proved  periods  of  forty  years.  If  the  pumps  are  lowered, 
and  the  apes  of  the  inverted  cone  be  placed  still  deeper  beneath  the  mean  sea- 
level,  the  width  of  the  base  of  the  cone  is  extended,  and  a  new  concentric  circle 
of  supply  is  added  to  the  contribution  ground,  and  the  water  hardens  for  a  time, 
but  after  the  soluble  salts  have  been  pumped  out  the  degree  of  hardness  remains 
constant  as  before.  (7)  Faults  in  porous  rocks  of  whatever  thickness,  which 
were  originally  overlain  by  porous  rocks,  no  matter  how  great  their  throw  may  be, 
are  no  obstacles  to  the  passage  of  underground  water.  (8)  Where  the  same  are, 
or  have  been  before  subsequent  denudation,  overlain  by  impermeable  material, 
the  fissure  of  the  fault  is  filled  with  impermeable  material,  and  it  forms  a  natural 
puddle-trench  separating  the  district  into  distinct  water-tight  zones.  (9)  Where 
faults  of  the  latter  class  exit,  and  the  area  on  one  side  of  the  fault  margins  the  sea, 
and  a  quantity  of  water  is  annually  abstracted,  exceeding  the  quantity  absorbed 
by  rainfall,  the  excess  is  derived  from  the  sea.  a  reversal  of  the  underground 
current  taking  place,  and  as  this  goes  on  the  rock  becomes  surcharged  with  salts, 
and  can  no  longer  act  as  a  filtering  medium,  and  the  water  pumped  daily  approxi- 
mates more  and  more  to  the  sea-water  from  which  it  is  derived.  (10)  Engineers 
and  architects,  in  many  cases,  do  not  realize  the  danger  of  placing  public  pumping- 
stations  where  the  area  of  supply  includes  sewage-farms  and  objectionable  trade 
refuse.  It  is  exceedingly  desirable  that  the  officials  of  the  Local  Government 
Board  should  have  their  attention  strongly  drawn  to  this  important  matter. 

There  were  several  papers  and  reports  upon  the  subject  of  earthquakes  and 
earth-tremors,  contributed  by  Prof.  Milne  and  Mr.  Symons.  This  matter  may  have 
a  bearing  upon  the  issue  of  gas  in  mines :  and.  now  that  the  experiments  upon 
explosives  are  completed.it  might  be  a  fitting  subject  for  examination  by  this 
Institute.  The  committee  are  at  present  experimenting  at  two  stations.  One 
under  the  charge  of  Mr.  C.  Davison  at  Birmingham,  and  the  other  at  the  Isle  of 
Wight  in  charge  of  Prof.  Milne. 

The  report  of  the  committee  on  underground  temperature  compared  the  details 
of  observation  made  in  a  deep  bore-hole  at  Cremorne.  near  Sydney,  Xew  South 
Wales.  The  bore-hole  was  2,929  feet  deep,  and  the  temperature  at  a  depth  of 
2,733  feet  from  the  surface  was  97  degs.  Fahr.  The  mean  surface-temperature  is 
63  degs.,  which  gives  an  increase  at  the  rate  of  1  deg.  Fahr.  for  every  SO  feet  of  depth.* 

One  of  the  excursions  was  made  to  the  Brandon  flint-mines.  In  addition  to  the 
present  working-pits,  there  are  several  ancient  abandoned  mines,  which  were  worked 
in  neolithic  times,  and  some  of  them  have  been  opened  out,  and  explored  by 
Canon  Greenwell.  There  is  reason  to  believe  that  flint  has  been  mined  continuously 
at  Brandon  since  the  neolithic  age.  A  full  account  of  these  very  interesting 
mines  is  published  in  a  memoirf  of  the  Geological  survey. 

Yours  faithfully, 

John  H.  Merivale. 

*  Tra/i.*.  Fed.  Inst.,  vol.  vii..  page  726. 

t  "  The  Manufacture  of  Gun-flints,  the  Methods  of  Excavating  for  Flint,  the 
Age  of  Paleolithic  Man.  and  the  Connexion  between  Neolithic  Art  and  the  Gun- 
flint  Trade."     By  Mr.  S.  B.  J.  Skertchly. 
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DISCUSSION  UPON  THE  "REPORT  OF  THE  PROCEEDINGS 
OF  THE  EXPLOSIVES  COMMITTEE"*  AND  UPON 
MR.  WINKHAUS'  PAPER  ON  "EXPERIMENTS  WITH 
EXPLOSIVES."! 

Mr.  J.  L.  Hedley  (H.M.  Inspector  of  Mines)  said  in  view  of  the 
fact  that  several  communications  had  been  made  by  members  of  the 
Institute  as  part  of  the  discussion  on  the  report  of  the  Explosives  Com- 
mittee, it  was  desirable  that  he  should  make  one  or  two  remarks,  although 
some  of  them  might  be  reiteration. 

The  Coal  Mines  Regulation  Act  of  1887  provided  that,  under  certain 
circumstances,  an  explosive  should  be  used  that  could  not  ignite  gas  or 
coal-dust,  and  the  Committee  was  formed  with  a  view  of  finding  out 
whether  there  was  such  an  explosive  in  the  market.  The  first  part  of  the 
Report  of  the  Committee  was  now  before  the  members,  and  dealt  with  the 
question  of  gas.  One  point  which  had  been  referred  to  by  those  who 
had  taken  part  in  the  discussions  was  with  regard  to  the  small  weight  of 
explosives  used  in  the  experiments,  and  the  Committee  were  told  that  the 
quantities  were  such  as  were  not  used  in  coal-mines,  and  also  that  the 
sizes  of  cartridges  were  not  the  same  as  those  used  in  mines.  But  when 
they  considered  that  in  some  mines  charges  of  blasting-powder  of  only 
3  ounces  were  being  used,  it  must  occur  to  the  members  that  with  the 
higher  explosives,  for  which  the  manufacturers  claimed  so  much  greater 
strength,  they  must  use  considerably  smaller  quantities  than  3  ounces, 
and  he  was  not  going  too  far  when  he  said  that,  taking  the  equivalent 
force  of  some  of  the  explosives,  as  compared  with  blasting-powder,  the 
charges  used  in  the  experiments  were  not  smaller  than  would  actually  be 
used  in  the  mines. 

Cartridges  of  the  higher  explosives  had  been  received  at  their  Heb- 
burn  station  from  collieries  in  the  district,  of  the  same  diameter  as  the 
bore  of  the  cannon  with  which  the  experiments  were  made.  If  the 
explosive,  when  made  up  in  cartridges  of  the  same  diameter  as  the  bore 
of  the  cannon,  was  said  to  be  unsafe,  it  clearly  pointed  to  the  conclusion 
that  the  explosive  was  not  a  safe  one  for  use  in  coal-mines.  One 
speaker  suggested  that  a  certain  weight  of  an  explosive  must  be  used  to 
ensure  safety,  but  such  a  condition  did  not  meet  the  requirements  of 

*  Trans.  Fed.  Inst,  vol.  viii.,  pages  227  and  593  ;  vol.  is.,  pages  115,  206,  and 
271 ;  and  vol.  x.,  page  38. 

f  Ibid.,  vol.  ix.,  pages  250  and  274. 
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mining.  Where  weights  of  2  to  30  ounces  might  be  required  to  effect  the 
desired  work,  it  followed  as  a  matter  of  course  that  such  an  explosive 
could  not  be  used  with  efficiency  in  the  mine.  The  question  of  the 
blasting  efficiency  of  explosives  had  been  tested  in  Trauzl  leaden  blocks, 
and  in  all  cases  the  explosive  had  been  analysed,  and,  further,  had  been 
tried  in  actual  work  at  a  colliery. 

The  chief  point,  however,  referred  to  the  Committee  was  the  question 
of  safety  explosives  that  could  not  ignite  gas.  The  experiments  had 
not  been  made  under  conditions  favourable  to  any  explosive  as  such  con- 
ditions might  not  always  be  carried  out  by  the  workmen.  The  Committee 
did  not  desire  to  show  that  under  certain  favourable  conditions  a  high 
explosive  would  not  ignite  gas  or  coal-dust ;  but  rather  to  ascertain  if 
an  explosive  would  ignite  gas  or  coal-dust,  or  a  mixture  of  both,  under 
conditions  which  might  and  sometimes  did  exist,  in  a  mine. 

Accidents  had  happened  from  a  charge  exploding  when  it  was  simply 
placed  in  the  shot-hole,  a  state  of  things  which  was  demonstrated  by  the 
Committee's  experiments,  with  unstemmed  shots.  Experiments  were 
made  in  which  stemming  was  used,  of  varying  lengths,  as  accidents  had 
happened  in  mines  where  short  lengths  of  stemming  had  been  blown  out, 
and  similar  results  were  obtained. 

Mr.  John  House  had  made  an  interesting  communication,*  for  which 
he  deserved  every  credit,  as  he  seemed  to  have  thoroughly  studied  the 
matter.  Mr.  House  supported  most  of  the  conclusions  arrived  at  by 
the  Committee,  he  mentioned  certain  essential  conditions  which  ought 
to  be  fulfilled  by  a  safety-explosive,  and  all  those  who  had  read  his 
remarks  would  support  the  conditions  suggested  by  Mr.  House. 

A  supplementary  Report  had  been  issued  containing  the  results  of 
experiments  with  westfalit.  The  results  had  been  very  much  criticized 
by  certain  persons  who  were  interested  in  that  explosive,  and  it  was  only 
fair  to  state  that  they  disputed  the  genuineness  of  the  explosive  used  ; 
at  the  same  time  he  might  say  that  the  explosive  with  which  the  experi- 
ments had  been  made  was  obtained  from  Germany,  and  taken  from  a 
packet  marked  or  labelled  "  westfalit,"  "  made  in  Germany." 

Dr.  C.  Le  Neve  Foster  wrote  that  he  had  recently  had  an 
opportunity  of  inspecting  the  experimental  gallery  at  the  Consolidation 
colliery  near  Gelensenkirchen,  but  unfortunately  no  experiments  were  being 
made  at  the  time  of  his  visit.  It  was  evident  from  an  inspection  of  the 
experimental  plant  that  the  trials  had  been  made  with  great  care ; 

*  Ivans.  Fed.  I/ixt.,  vol.  ix.,  page  206. 
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indeed,  that  fact  was  palpable  from  the  perusal  of  Mr.  Winkhans'  paper. 
One  point  was  brought  out  very  clearly  from  the  valuable  experiments, 
viz.,  that  the  probability  of  a  fiery  atmosphere  being  ignited  by  a  shot 
depended  not  only  upon  the  composition  of  the  explosive,  but  also  upon 
the  weight  of  the  charge  fired.  This  itself  was  a  reason  for  paying 
special  attention  to  Mr.  Winkhans'  results,  which  were  obtained  with 
charges  varying  from  If  to  21  ounces  (50  to  600  grammes). 

The  Royal  Commissioners  on  Explosions  from  Coal-dust  in  Mines  * 
stated  "We  have  come  to  the  conclusion  that,  whatever  minor 
objections  may  be  established  against  the  use  of  high  explosives,  their 
general  employment  would  greatly  limit  the  risk  of  explosion  in  dry  and 
dusty,  and  in  fiery  mines,"  and  this  may  be  construed  as  an  invitation  to 
use  dynamite  and  its  congeners  in  place  of  blasting-powder.  Mr.  Wink- 
haus,  on  the  other  hand,  showed  that  charges  of  3^  to  5|  ounces  of  dynamite 
and  gelatine-dynamite  almost  invariably  sufficed  to  ignite  a  dusty  atmos- 
phere containing  no  fire-damp.  It  is  true  that  his  experiments  were  made 
with  unstemmed  shots,  and  we  may  expect  that  his  further  trials  with 
stemming  will  show  that  the  reduction  in  temperature  of  the  escaping 
gases,  due  to  the  extra  work  which  has  to  be  performed,  will  render  given 
charges  less  likely  to  ignite  dangerous  atmospheres. 

Mr.  Winkhans'  experiments  confirmed  those  of  Mr.  Lohmann  as  to  the 
danger  of  dynamite,  which  had  been  likewise  deduced  by  the  French  Fire- 
damp Commission  from  purely  theoretical  reasoning.  As  is  known  to  many 
of  the  members,  explosives  used  in  fiery  mines  in  France  must  satisfy  certain 
conditions  amongst  which  are  : — (1)  The  products  of  their  detonation 
must  not  contain  any  combustible  element,  and  (2)  their  temperature  of 
detonation  must  in  no  case  exceed  1,900  degs.  Cent.f  for  explosives  used 
in  stone-work,  nor  1,500  degs.  Cent,  for  those  employed  in  coal-getting. 
The  use  of  dynamite  in  coal-mines  in  France  has  long  been  forbidden, 
as  its  calculated  temperature  of  detonation  is  2,900  degs.  Cent.  The 
French  manufacturer,  in  supplying  explosives,  is  required  to  state  the 
temperature  at  which  they  detonate,  and  the  paper  envelope  of  each  cart- 
ridge has  the  chemical  composition  of  the  explosive  printed  upon  it.J 
This  example  might  be  followed  with  advantage  in  this  country,  and 
the  mine  manager  would  then  know  precisely  what  he  was  using. 

*  Final  Report,  page  sxvii. 

j  Report  of  the  French  Commission  on  the  L~.se  of  Explosives  in  the  Presence  of 
Fire-damp  in  Mines,  page  1G2.  Translated  by  Messrs.  W.  J.  Bird  and  2d.  Walton 
Brown. 

%  Ibid.,  pages  159  and  162. 
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A  question  had  been  asked  as  to  the  fineness  of  the  coal-dust  used  in 
Mr.  Winkhaus'  experiments.  He  might  mention  as  a  proof  of  its  fineness 
that  he  saw  a  shovelful  of  it  thrown  up  into  the  air,  and  the  particles 
formed  a  black  cloud  which  floated  about. 

The  Government  of  Saxony  had  recently  (July  18th,  1895)  published 
the  following  regulations  in  place  of  those  of  1890  : — 

A.  No  blasting  may  be  carried  on  in  coal-mines  without  the  permission  of  the 
mining  authorities  QBergamt').  In  workings  carried  on  in  coal-seams  or  in  strata 
rich  in  coal,  no  blasting  is  permitted  unless  : 

(1)  Coal-dust  is  not  present,  owing  to  the  damp  condition  of  the  workings ;  or 

(2)  Before  a  shot  is  fired,  the  coal-dust  has  been  rendered  harmless  by  copious 

watering  for  a  distance  of  at  least  33  feet  (10  metres)  from  the  shot ;  or 

(3)  A   method   of  blasting  is  employed   which   will   certainly  prevent  the 

formation  of  any  flame. 

B.  When  blasting  is  permissible  under  clause  A,  it  must  be  carried  out  in 
obedience  with  the  instructions  of  the  manager  or  under-manager  (Ober.steigcr),  and 
in  accordance  with  the  following  precautions  : — 

(1)  Shot-holes  shall  be  so  bored,  charged,  and  stemmed  that  a  blowing-out  of 

the  stemming  shall  be,  as  far  as  possible,  prevented. 

(2)  All  charges  must  be  stemmed. 

(3)  Only  one  shot   must  be  tired  at  a  time,  but  several  shots  fired  simul- 

taneously by  electricity  are  reckoned  as  one  shot. 

(4)  In  the  case  of  clause  A  (3),  the  coal-dust  must  be  moistened  for  a  distance 

of  3  to  6  feet  (1  to  2  metres)  from  the  shot. 

(5)  As   soon   as  a   shot  has  been  ignited,  the   workmen   must  retire  to   a 

prearranged  place  of  safety,  at  least,  if  it  be  in  any  way  possible,  165 
feet  (50  metres)  from  the  shot,  and  preferably  in  some  branch  level  and 
behind  a  closed  partition  or  screen. 

(6)  After  the  firing  of  each  shot,  and  before  any  further  blasting  takes  place, 

the  working-place  and  its  vicinity  must  be  examined  for  coal-dust  for  a 
distance  of  at  least  33  feet  (10  metres)  from  the  face,  by  some  person 
appointed  by  the  manager  or  under-manager. 

C.  If,  after  firing  a  shot,  it  be  noticed  that,  in  spite  of  employing  the  precau- 
tions enumerated  under  clauses  A  and  B,  the  explosion  was  strikingly  louder  than 
usual  under  similar  circumstances,  and  if  in  consequence  or  from  other  appear- 
ances it  is  concluded  that  the  coal-dust  had  been  ignited,  blasting  at  that  working- 
place  must  be  stopped  until  further  notice,  and  the  occurrence  has  been  notified 
to  the  inspector  of  mines. 

D.  The  mining  authorities  {Bergamt)  may  require  special  regulations  to  be 
established  for  carrying  on  blasting  in  coal-mines  which  are  not  classed  as  fiery 
mines,  but  in  which  there  is  coal-dust  of  a  specially  dangerous  nature. 

The  Chairman  said  the  only  difficulty  he  had  experienced  in  the  matter 
of  hi^h  explosives  was  that  he  could  not  get  the  workmen  to  use  them, 
unless  the  explosives  were  provided  free  of  cost,  and  the  shots  were  put  into 
the  holes  and  fired  for  them.  Safety-explosives  were  introduced  with  the 
view  of  preventing  accidents  and  for  the  protection  of  the  workmen's 
lives,  but  they  seemed  to  consider  that  the  owners  were  reaping  some 
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benefit  and  trying  to  take  advantage  of  them.  He  was  of  opinion  that 
all  experiments  with  safety-explosives  should  be  made  by  independent 
engineers,  and  the  explosives  should  be  provided  by  the  persons  appointed 
to  make  the  tests,  and  not  by  the  proprietor  of  one  of  the  explosives 
being  tested. 

Mr.  J.  L.  Hedley  said  with  regard  to  the  marking  of  cartridges, 
that  the  Explosives  Committee  had  come  to  the  conclusion  that  the 
composition  of  explosives  were  varied  from  time  to  time,  and  they  were 
supported  in  this  view  by  several  gentlemen  who  had  taken  part  in  the 
discussions.  In  consequence,  the  Committee  made  the  suggestion  that 
every  packet  should  be  marked  with  the  ingredients  composing  the 
particular  explosive.  Dr.  Foster's  remarks  supported  this  view,  and  it 
was  important  that  it  should  be  adopted  if  possible,  so  that  persons  using 
the  explosive  might  know  from  time  to  time  that  they  were  using  an 
explosive  of  the  same  composition. 

Mr.  A.  C.  Kayll  said  that  nitrate-of -ammonium  explosives  were  so 
similar  in  colour  that  it  was  very  important  that  each  cartridge  should 
bear  the  name  of  the  explosive  upon  the  cover.  The  makers  of  roburite, 
carbonite,  and  ardeer  powder  had  adopted  this  suggestion,  but  it  was 
equally  desirable  that  the  constituents  of  the  explosive  and  the  date  of 
its  manufacture  should  be  marked  upon  each  5  lbs.  packet  and  upon  the 
cover  of  each  cartridge. 


The  following  paper  was  taken  as  read  : — "  The  Whitehaven  Sand- 
stone Series,"  by  Mr.  J.  D.  Kendall : — 
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THE  WHITEHAVEN  SANDSTONE  SERIES. 


By  J.  D.  KENDALL. 


In  the  cliffs  along  the  coast  near  Whitehaven,  occurring  interruptedly 
over  the  prolific  Coal-measures,  there  is  a  purple-grey  arenaceous  rock 
known  to  geologists  as  the  Whitehaven  Sandstone.  It  is  there,  at 
least,  170  feet  thick.  The  same  rock,  or  rock  of  the  same  general 
character,  also  occurs  over  other  parts  of  the  coal-field,  being  sometimes 
interbedded  to  a  considerable  extent  with  shale,  and  attaining  then  an 
aggregate  thickness  of  500  or  600  feet.  It  is  therefore  convenient  to 
include  the  whole  of  these  rocks  under  the  name  of  the  "  Whitehaven 
Sandstone  Series." 

The  earliest  notice  of  these  rocks,  with  which  the  writer  is  acquainted, 
is  a  paper  by  Prof.  Sedgwick  read  in  1832.* 

In  the  drawings  accompanying  that  paper,  the  rocks  under  notice  are 
referred  to  as  "  Lower  New  Red  Sandstone,"  but  in  the  text  there  is  no 
statement  indicating  Prof.  Sedgwick's  opinion  as  to  their  age.  He  speaks 
of  them  as  occurring  at  two  or  three  places  near  Whitehaven,  and  a  little 
north  of  Workington,  and  "as  forming,  apparently  a  connecting  link 
between  the  true  Carboniferous  and  New  Red  Sandstone  groups."  He 
further  says  that  they  "  make  a  very  near  approach  to  a  true  coal-grit," 
and  that  by  "  the  coal  viewers  of  the  neighbourhood  they  have  always  been 
regarded  as  a  true  member  of  the  Coal-measures."  In  "  The  Coal-fields 
of  Cumberland,"  etc.,  by  Mr.  Mathias  Dunn,|  these  rocks  along  the  coast 
are  called  "  Lower  Red  Sandstone."  They  are  said  to  occur  at  Crosby  as 
well  as  near  Whitehaven. 

Mr.  E.  W.  Binney  in  a  paper  "On  the  Permian  Beds  of  the  North- 
west of  England,":}:  says,  when  referring  to  the  Whitehaven  Sandstone,  as 
seen  in  the  cbiffs  near  the  town,  the  purple  sandstone  is  generally  con- 
sidered by  Prof.  Sedgwick  and  others,  to  be  Lower  New  Red  Sandstone, 

*  ••  Ou  the  New  Red  Sandstone  Series  of  the  Basin  of  the  Eden  and  North-west 
Coasts  of  Cumberland  and  Lancashire."  Trans.  Geol.  Sue,  second  series,  vol.  iv., 
page  383. 

f  Trans.  N.E.  Inst.,  vol.  viii.,  page  141. 

X  Mem.  Lit,  and,  Phil.  Sue.  Manchester,  second  series,  vol.  xii..  page  209. 
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overlying  tiie  Coal-measures  of  Whitehaven,  but  with  all  respect  to  so 
great  an  authority,  the  writer  is  inclined  to  believe  that  it  is  a  Car- 
boniferous sandstone. 

Mr.  Binney  in  1863,  in  a  paper  entitled  "  Further  Observations  on 
the  Carboniferous,  Permian,  and  Triassic  Strata  of  Cumberland  and 
Dumfries,"*  modified  the  opinion  just  quoted  and  said  that — 

This  rock,  if  not  to  be  classed  as  Permian,  must  be  taken  as  Upper  and  uncon- 
formable Coal-measures  .  .  .  The  chief  reason  which  has  induced  me  to  remove  them 
from  the  Carboniferous  strata  is  the  conglomerate  character  of  the  lower  part  of  the 
sandstone,  which,  as  previously  stated,  is  more  like  a  Millstone  Grit  than  an  Upper 
Coal-measure  rock.  For  the  present  it  appears  to  me  desirable  to  retain  it  as  Prof. 
Sedgwick  first  designated  it,  by  the  name  of  Lower  Red  Sandstone,  or  my  name  of 
Lower  Permian. 

In  1879,  in  a  paper  by  the  writer  on  "  The  Haematite  Deposits  of 
West  Cumberland,"!  and  in  the  discussion  which  took  place  on  that 
paper,  the  nature  of  the  Whitehaven  Sandstone  was  pointed  out  shortly, 
also  the  extent  of  its  uniformity  to  the  lower  part  of  the  Coal-measures 
near  Whitehaven  and  Cleator  Moor. 

In  1882,  Mr.  T.  V.  Holmes,  at  one  time  on  the  Geological  Survey  of 

Cumberland,  wrote  on   "  The  Distinctive  Colours  of  the  Carboniferous 

and  Permian  or  Triassic  Rocks  of  North  Cumberland,"  and  stated  that — 

The  Whitehaven  Sandstone  takes  the  place  occupied  by  the  Red  Rock  of  Rother- 
ham  in  Yorkshire,  and  like  the  Red  Rock,  the  Whitehaven  Sandstone  was  till  quite 
lately  considered  to  be  either  Permian  or  Triassic  instead  of  Carboniferous. 

He  also  says  that  in  the  neighbourhood  of  Rosegill  colliery  (south-west  of 
Bullgill  railway-station)  the  AVhitehaven  Sandstone  is  shown  in  many 
quarries. 

In  1883,  the  writer  published  a  paper  on  "  The  Structure  of  the  Cum- 
berland Coal-field,"!  which  for  the  first  time  dealt  with  the  Whitehaven 
Sandstone  Series  over  the  whole  field,  showing  it  to  be  unconformable 
Upper  Coal-measures.  To  some  of  the  conclusions  arrived  at  in  that  paper 
with  regard  to  the  Whitehaven  Sandstone  Series,  Mr.  Holmes  objected 
in  "  Notes  on  the  best  Locality  for  Coal  beneath  the  Permian  Rocks  of 
North-west  Cumberland."  §  He  denied  that  the  purple-grey  rocks  lying 
to  the  north-east  of  Aspatria  were  unconformable  to  those  below  and 
looked  upon  them  simply  as  stained  Middle  Coal-measures.  In  a  short 
communication,!  bearing  the  same  title,  the  writer  replied  to  the  criticisms 

*  Mem.  Lit.  and  Phil.  Soc.,  Manchester,  third  series,  vol.  ii.,  page  343. 

f  'Trans.  jS'.L.  Inst.,  vol.  xxviii.,  page  1U9. 

J  Ibid.,  vol.  xxxii.,  page  319,  and  vol.  xxxiii.,  page  121. 

§  Trans.  Cumberland  and  Westmorland  Assoc.  1883-84,  No.  9. 

I!  Ibid..  18S3-4,  No.  11,  page  109. 
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of  Mr.  Holmes  pointing  out  as  a  most  extraordinary  fact,  if  Mr.  Holmes' 
view  were  correct,  that  none  of  the  coal-seams  in  the  Middle  Coal-measures 
had  been  found  in  these  purple-grey  rocks,  either  in  the  particular  area 
now  referred  to  or  elsewhere  throughout  the  field. 

In  1891,  Mr.  Wm.  Brockbank  noticed  shortly  the  Whitehaven  Sand- 
stone in  a  paper  on  "  The  Occurrence  of  the  Permians,  Spirorbis  Lime- 
stones, and  Upper  Coal-measures  at  Frizington  Hall  in  the  Whitehaven 
District."*  Mr.  Brockbank  thinks  that  certain  beds  of  Whitehaven  Sand- 
stone met  with  in  a  borehole  near  Frizington  Hall  belong  to  the  Middle 
Coal-measures,  "as  they  are  214  feet  under  the  lowest  SpirorMs  Lime- 
stone." But  surely  mere  thickness  of  strata  cannot,  of  itself,  determine 
geological  level. 

Within  the  last  three  years,  the  Geological  Survey  maps  of  the  district 
have  been  published.  On  the  Whitehaven  sheet,  the  Whitehaven  Sand- 
stone Series  is  shown  by  a  distinct  colour.  On  the  Maryport  sheet,  and 
at  the  western  side  of  the  Aspatria  sheet,  it  is  simply  indicated  by  the 
letters  W.S.,  whilst  throughout  the  north-eastern  part  of  the  coal-field  its 
existence  is  entirely  ignored. 

There  appears  to  have  been  a  conflict  of  opinion  among  the  surveyors 
responsible  for  these  maps,  and  that  is  mainly  why  the  following  notes  have 
been  put  together,  so  as  to  give  the  members  an  opportunity  of  discussing 
the  subject. 

It  was  thought,  with  the  rare  opportunities  possessed  by  the  officers  of 
the  Geological  Survey  in  the  way  of  obtaining  information  and  the  vast 
amount  of  time  (21  years)  spent  by  them  on  the  coal-field,  that  they 
would  have  satisfactorily  settled  the  question.  But  they  have  done  practi- 
cally nothing  towards  it,  which  is  much  to  be  regretted,  as  the  omission 
greatly  reduces  the  value  of  the  maps. 

The  geological  position  of  the  rocks  in  question  is  shown  below  : — 

Permian  or  Triassic  (.') — 

St.  Bees  Sandstone. 

Red  shales  with  gypsum. 
Permian — 

Magnesian  Limestone. 

Breccia. 
Carboniferous — 

Whitehaven  Sandstone  Series  or  Upper  Coal-measures. 

Middle  Coal-measures. 

Lower  Coal-measures. 

The  Whitehaven  Sandstone  Series  yielding  few  organic  remains,  and 
none,  so  far  as  is  known,  of  undoubted  value  in  fixing  its  precise  geological 

*  Mem.  Lit.  and  Phil.  Sue,  Manchester,  fourth  series,  vol.  iv.,  page  418. 
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horizon,  the  questions  to  be  presently  discussed  will  have  to  be  treated 
without  this  great  aid  to  stratigraphy. 

The  area  of  the  rocks  under  consideration,  according  to  the  writer's 
field  notes,  as  shown  in  Fig.  1  (Plate  V.),  will  be  seen  to  differ  con- 
siderably from  the  maps  published  by  the  Geological  Survey  Fig.  2 
(Plate  V.),  the  latter  not  recognizing  the  Whitehaven  Sandstone  Series 
lying  to  the  north-east  of  Beech  Hill,  near  Oughterside,  and  also  near 
Dearham. 

The  character  of  the  rocks  forming  the  Whitehaven  Sandstone  Series 
in  different  parts  of  the  field  will  be  seen  from  the  sections  (Appendix  A) 
taken  in  areas  where  that  series  of  rocks  is  admitted  to  occur  by  all 
observers  with  whom  the  writer  is  acquainted  except  one,  who  maintains 
that  there  is  no  evidence  to  show  that  the  Whitehaven  Sandstone  in  any 
part  of  the  field  is  anything  more  than  a  stained  Middle  or  Lower  Coal- 
measure  rock  which  may  occur  on  different  horizons  in  different  parts  of 
the  field. 

It  will  be  seen  from  these  sections  (Appendix  A)  that  the  Whitehaven 
Sandstone  Series  consists  almost  entirely  of  sandstone  and  shale,  of  a  red, 
grey,  or  brown  colour,  as  described  in  the  sections,  but  the  writer  prefers 
to  call  it  purple-grey.  With  these  beds  are  intercalated,  in  the  lower 
part  of  the  series,  rocks  of  the  ordinary  Coal-measure  colour  and  a  few 
thin  coal-seams.  Two  thin  beds  of  Spirorbis  limestone  have  been  met 
with  in  the  series  at  Frizington  Hall,  and  occasionally,  in  different  parts 
of  the  district,  inconstant  beds  of  conglomerate  appear,  as  in  section  No.  3. 
In  the  neighbourhood  of  Flimby  and  Maryport,  the  base  of  the  series  is 
formed  by  a  thick  sandstone,  as  seen  in  section  No.  6.  At  Whitehaven, 
Cleator  Moor,  and  Frizington,  the  base-rock  is  variable,  being  in  some 
places  argillaceous,  in  others  arenaceous.  This  variability  of  the  base- 
rock  is  regarded  by  Mr.  A.  Strahan*  as  strongly  suggestive  that  these 
reddish  rocks  are  simply  parts  of  the  Middle  and  Lower  Coal-measures 
that  have  undergone  Permian  or  post-Permian  staining.  But  surely  such 
a  view  ignores  altogether  the  character  of  the  rocks.  The  series  is  much 
more  arenaceous,  and  contains  very  much  less  coal,  than  the  Middle  Coal- 
measures,  as  will  readily  be  seen  on  comparing  the  following  sections 
(Appendix  B)  of  Middle  Coal-measures  with  those  of  the  Whitehaven 
Sandstone  Series  just  given.  This  will  also  be  seen  at  a  glance  on  refer- 
ence to  Fig.  3  (Plate  VI.). 

There  is  no  bed  in  the  coal-field  that  can  be  said  to  extend  over  the 
entire  area,  the  argillaceous  and  arenaceous  rocks  (of  which  it  almost 

*  Of  the  Geological  Survey. 
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exclusively  consists)  often  changing  horizontally  in  the  most  erratic 
manner.  And  there  is  no  reason  why  the  lowest  bed  of  a  series  should  be 
more  persistent  and  uniform  in  character  than  any  of  those  which  follow. 
Had  there  been  a  change  from  sedimentary  to  organic  conditions,  and 
had  the  lowest  bed  of  the  Whitehaven  Sandstone  Series  been  a  limestone, 
there  would  have  been  a  well-defined  base,  but  seeing  that  all  the  rocks 
in  both  the  Lower  and  Middle  Coal-measures,  as  well  as  in  the  White- 
haven Sandstone  Series,  are  of  the  same  lithological  character,  it  is  not 
surprising  that  the  base  should  be  variable  and  difficult  to  detect. 

From  a  number  of  sections  taken  at  random  in  different  parts  of  the 
district,  the  different  sections  ranging  from  131  to  450  feet  in  depth,  and 
embracing  an  aggregate  thickness  of  more  than  2,000  feet  of  rock,  it 
appears  that  the  proportion  of  arenaceous  and  argillaceous  rocks  in  the 
Whitehaven  Sandstone  Series,  and  in  a  like  thickness  of  Middle  Coal- 
measures  occurring  immediately  below  the  purple-grey  rocks  of  the  former 
series,  is,  on  the  average,  as  under : — 

Sandstone.  Shale. 

Per  Cent.  Per  Cent. 

Whitehaven  Sandstone  Series       ...         60         ...         40 

Mi. Idle  Coal-measures         Si         ...         66 

The  aggregate  thickness  of  coal  in  the  above  sections  was  as  follows : — 

Feet.       Per  Cent. 
Whitehaven  Sandstone  Series  ...         ...         ...         ...         7|    or    (1*3 

Middle  Coal-measures     ...         ...         ...         ...         ...       122     or    6'0 

It  is  thus  seen  that  there  are  at  least  two  striking  differences  in  the 
nature  of  these  two  series  of  rocks,  differences  that  could  not  possibly 
have  arisen  if  the  Whitehaven  Sandstone  Series  had  been  simply  stained 
Middle  Coal-measures ;  and  similar  differences  can  be  shown  to  exist 
between  the  former  rocks  and  the  Lower  Coal-measures.  If  the  White- 
haven Sandstone  Series  be  merely  stained  Middle  Coal-measures,  why  do 
we  not  meet  with  the  principal  seams  of  the  Middle  Coal-measures  in  the 
purple-grey  rocks  which  form  so  large  a  part  of  the  Whitehaven  Sand- 
stone Series  ?  for,  as  will  hereafter  be  seen,  these  rocks  in  some  cases  are 
close  clown  upon  the  base  of  the  Middle  Coal-measures. 

The  suggestion  of  staining  may  also  be  considered  in  the  light  of 
another  set  of  facts.  No  matter  whether  we  assume  the  Whitehaven 
Sandstone  to  be  merely  a  stained  rock,  occurring  on  different  horizons 
in  the  Middle  and  Lower  Coal-measures,  or  whether  we  look  upon 
it  as  part  of  a  series  of  rocks  which  overlie  the  prolific  part  of  the 
coal-field,  and  which  have  been  subjected  to  a  process  of  staining,  we 
might  naturally  expect,  other  things  being  equal,  that  where  these  purple- 
grey  rocks  are  overlain  by  the  Permian  beds  the  staining  would  extend, 
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roughly,  to  the  same  depth.  Now,  what  do  we  find  ?  At  Demesne  Gill, 
the  thickness  of  these  purple-grey  rocks  under  the  Permian  rocks  is  only 
about  20  feet.  At  Croft  pit,  only  one  mile  from  Demesne  Gill,  it  is  about 
175  feet.  Inland,  towards  the  north-east,  we  find  much  greater  thick- 
nesses, as  shown  below : — 

Thickness  of  Whitehaven 

Sandstone  Series  where 

Covered  by  Permian. 

Feet. 

Cleator  Moor,  Henry  pit        194^- 

Frizington  Hall  631£* 

Bigcroft  327 

Arlecdon  356^* 

*  Base  not  reached. 

These  figures  suggest  that  the  purple-grey  colour  is  not  due  to  Permian 
staining,  but  that  it  existed  before  the  Permian  rocks  were  deposited,  and 
this  seems  to  be  proved  conclusively  by  the  arrangement  of  rocks  near 
Preston  Hows,  as  shown  in  Figs.  4  and  5  ( Plate  Y.)  The  Whitehaven  Sand- 
stone Series  there  is  intersected  by  a  fault  EF  which  has  an  upthrow  to 
the  south-east  of  about  1 50  feet.  This  fault  is  pre-Permian,  undoubtedly ; 
although  it  is  shown  on  the  Geological  Survey  map  to  have  had  a  move- 
ment since  the  Permian  beds  were  deposited.  There  is,  however,  no 
evidence  of  any  such  movement,  but  if  there  were  it  would  not  affect  the 
present  argument,  for  the  movement  must  have  been  very  small  compared 
with  that  which  took  place  at  an  earlier  period,  and  which  shifted  the 
"Whitehaven  Sandstone  Series  nearly  ±  mile,  before  the  Permian  beds  came 
into  existence.  The  comparatively  great  difference  in  the  thickness  of  the 
purple-grey  rocks  on  opposite  sides  of  the  fault  proves,  it  is  submitted,  in 
the  most  complete  manner,  that  these  rocks  were  not  stained  in  Permian 
times,  nor  after.  They  have  been  faulted  since  they  were  coloured.  The 
faulting  is  pre-Permian  and  consequently  the  colouring  is  pre-Permian. 

Most  probably  they  had  their  present  colour  when  laid  down.  Why 
should  not  the  conditions  which  ultimately  gave  rise  to  the  deep  red 
colour  of  the  Permian  beds  have  been  introduced  gradually,  and  at  first 
somewhat  interruptedly,  so  as  to  produce  the  alternation  of  purple-grey 
with  the  ordinary  Coal-measure  colour  which  is  found  near  the  base  of 
the  Whitehaven  Sandstone  Series  ?  If  the  purple-grey  colour  were  due  to 
Permian  staining,  why  have  the  beds  in  association  with  coal-seams  not 
been  affected  ?  Sections  Xos.  3  and  6  show  that  these  beds  have  the 
ordinary  Coal-measure  colour,  and  this  is  invariably  the  case. 

Let  us  now  look  at  the  series  from  another  point  of  view,  and  take  the 
thickness  of  strata  between  any  well  known  coal-seam — as  for  example  the 
yard  band — and  the  base  of  the  Whitehaven  Sandstone  Series.  In  this 
examination  great  variations  are  found,  as  shown  on  the  next  page. 


108  THE  WHITEHAVEN  SANDSTONE  SERIES. 

Thickness  of  Strata 
between  the  Yard 
Band  Coal-seam 
and  the  Base  of 
the  Whitehaven 
Sandstone  Series. 
Feet. 

Workington,  St.  Helens  Colliery  599 

Flimby,  New  pit 533 

Maryport.  Ellenborough  pit        544 

Whitehaven,  Croft  pit      489 

„  Moss  pit      280 

„  Low  Wreah 186 

Cleator  Moor,  No.  1  pit,  Whinny  Hill 451 

„  Lindow  pit  ...         ...         ...  357 

,,  No.  2  pit,  Threapthwaite  236 

Frizington  Colliery  305 

Bullgill,  Kosegill  pit         410 

„        Crosby  pit  388 

„         Ellen  pit 375 

Over  the  area  embraced  by  the  places  named  in  the  preceding  table, 
there  is  no  material  thickening  or  thinning  of  the  Middle  Coal-measures, 
so  that  the  above  variations  may  be  taken  to  show  approximately  the 
amount  of  unconformity  between  the  "Whitehaven  Sandstone  Series  and 
the  Middle  Coal-measures.  In  fixing  the  base  of  the  Whitehaven  Sand- 
stone Series,  it  is  necessary  to  take  into  consideration  all  the  features  of 
that  series,  viz.,  the  colour,  the  excess  of  sandstone,  and  the  extreme 
poverty  in  coal. 

The  unconformity  thus  presented  will  be  still  more  evident  when  it  is 
stated  that  the  base  of  the  Whitehaven  Sandstone  Series  at  Fairfield  is 
only  75  feet  above  the  china  band  coal-seam,  which  occurs  at  the  base 
of  the  Middle  Coal-measures,  and  about  200  feet  below  the  yard  band 
coal-seam  from  which  the  measurements  in  the  preceding  table  were 
taken.  At  Studfield,  there  is  135  feet,  and  at  Dean  Moor  130  feet 
between  the  china  band  coal-seam  and  the  base  of  the  Whitehaven 
Sandstone  Series.  It  may  also  be  pointed  out  that,  owing  to  the  south- 
westerly attenuation  of  the  Whitehaven  Sandstone  Series,  the  angle  of 
unconformity  between  the  Permians  and  the  Middle  Coal-measures  is 
less  than  that  between  the  latter  rocks  and  the  Whitehaven  Sandstone 
Series.  A  similar  south-westerly  attenuation  of  the  Permian  breccia 
makes  the  angle  of  unconformability  of  the  St.  Bees  Sandstone  still 
less  as  shown  in  Fig.  6  (Plate  VI.). 

So  long  as  the  possibility  of  Permian  staining  was  admitted  there 
was  considerable  difficulty  in  the  way  of  proving  the  unconformity 
satisfactorily,  because  the  Permian  beds  are  admittedly  unconformable  to 
the  Coal-measures,  and  therefore  if  the  purple-grey  rocks  of  the  White- 
haven Sandstone  Series  had  been  coloured  by  subsequent  staining,  there 
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would  be  an  apparent  unconformity  between  the  stained  rocks  and  those 
below  that  were  unstained,  and  in  the  absence  of  a  well-defined  base-rock 
to  the  "Whitehaven  Sandstone  Series,  it  might  be  open  to  question 
whether  the  lower  limit  of  the  supposed  staining  cut  across  the  strata 
or  was  parallel  to  it.  This  difficulty  arises  mainly  from  the  fact  already 
alluded  to  that  the  purple-grey  rocks  are  mostly  arenaceous  and  argilla- 
ceous, like  those  of  the  Middle  and  Lower  Coal-measures,  and  none  of 
the  beds  in  them  are  very  persistent  any  more  than  such  beds  are  in 
the  Coal-measures  generally,  so  that  the  base  of  the  purple-grey  rocks 
may  at  one  place  be  formed  by  a  sandstone,  whilst  at  another,  not  far 
distant,  it  may  be  shale.  Then,  again,  the  purple-grey  colour  alternates 
with  the  ordinary  Coal-measure  colour  near  the  base  of  the  Whitehaven 
Sandstone  Series,  so  that  it  becomes  very  difficult  indeed  to  fix  the 
lower  limit  of  the  series  exactly.  The  figures  given  above,  relating 
to  unconformity,  of  course  are  entirely  dependent  upon  the  accuracy, 
or  otherwise,  of  the  correlations  of  the  coal-seams  in  the  Middle  Coal- 
measures,  and  here  it  may  be  mentioned  that  there  are  several  most 
important  differences  in  the  correlations  arrived  at  by  Mr.  R.  Russell,* 
and  set  out  on  the  published  vertical  sections  of  the  Geological  Survey, 
and  those  at  which  the  writer  arrived  in  1883,  and  which  he  still 
maintains  to  be  correct. 

Mr.  Russell's  correlations,  speaking  generally,  lead  to  a  great  increase 
in  the  number  of  coal-seams  in  the  coal-field  ;  they  do  not,  however, 
affect  any  of  the  above  measurements  from  the  yard  band  coal-seam,  but 
those  made  from  the  six-quarters  coal-seam,  or  rather  its  equivalent,  they 
do  affect,  for  Mr.  Russell,  in  the  area  embracing  Oatlands,  Studfold,  Dean 
Moor,  and  Moor  Side,  looks  upon  the  china  band  (which  the  writer 
considers  to  be  correlative  of  the  six-quarters  coal-seam  of  Whitehaven)  as 
the  equivalent  of  the  five-feet  coal-seam  of  Cleator  Moor,  a  seam  which 
is  about  400  feet  higher  in  the  measures  than  the  six-quarters  coal-seam. 
If  Mr.  Russell  were  right  all  the  principal  coal-seams  in  the  field  should 
be  below  the  china  band,  in  the  district  named,  but  they  are  not,  for  that 
fact  has  been  conclusively  ascertained  by  boring,  the  underlying  rocks 
having  the  character  of  the  Lower  Coal-measures. 

The  difference  between  Mr.  Russell  and  the  writer  in  this  particular 
part  of  the  coal-field  appears  to  have  arisen  in  this  way.  In  certain  parts 
of  the  coal-field,  towards  the  top  of  the  Middle  Coal-measures,  there  are 
three  seams,  the  equivalents  of  the  five  feet,  four  feet,  and  six  feet  coal- 

*  Formerly  on  the  Geological  Survey. 

VOL.  XLV.- 1895-96.  9 
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seams  of  Cleator  Moor,  which,  when  seen  in  vertical  section,  with  their 
associated  rocks,  have  a  very  close  resemblance  to  three  other  seams  at  the 
bottom  of  the  Middle  Coal-measures,  the  lowest  of  the  latter  three  being 
the  six-quarters  coal-seam.  If  these  two  groups  of  coal-seams  were  con- 
sidered without  reference  to  their  underlying  strata  it  would,  in  many 
cases,  be  impossible  to  distinguish  between  them,  but  when  viewed  in 
relation  to  the  subjacent  rocks,  their  identity  is  easily  determined.  Fig.  7 
(Plate  Y.)  exhibits  several  sections,  within  the  area  above  alluded  to, 
showing  the  Whitehaven  Sandstone  Series  close  down  upon  the  china 
band  coal-seam.  It  also  gives  a  section  of  the  strata  at  Gilgarrou, 
immediately  adjacent.  Now  the  coal-seams  there  are  identified  by 
common  consent,  the  yard  band  being  considered  the  same  as  the  six- 
quarters  coal-seam  of  Whitehaven.  By  comparing  these  sections  it  is 
evident  that  the  china  band  at  Studfold  and  Oatlands,  and  the  low  seam 
at  Dean  Moor,  are  parts  of  the  same  seam  as  the  yard  band  at  Gilgarron. 
This  conclusion  is  supported  by  the  workings  of  the  Moresby  collieries 
and  others  in  the  immediate  neighbourhood,  as  shown  by  the  longitudinal 
section  Fig.  8  (Plate  VI.),  the  throw  of  the  different  faults  therein  having 
been  ascertained  by  the  actual  workings  of  the  mines. 

The  base  of  the  Whitehaven  Sandstone  Series  is  therefore,  as  already 
stated,  only  75  feet  above  the  china  band  or  six-quarters  coal-seam  at  Fair- 
field, whilst  at  the  Croft  pit,  near  Whitehaven,  and  4  miles  distant  from 
Fairfield,  it  is  about  700  feet  above  that  coal-seam,  the  difference  showing 
partly  the  amount  of  unconformity,  there  being  numerous  faults  between 
Fairfield  and  Croft  pit,  older  than  the  Whitehaven  Sandstone  Series,  which 
have  an  aggregate  net  upthrow,  towards  the  latter  place,  of  about  1,000 
feet,  and  these  have  the  effect  of  making  the  apparent  much  less  than  the 
real  unconformity.  The  unconformity  is  further  illustrated  by  Fig.  8 
(Plate  VI.). 

It  being  now  clear,  it  is  submitted,  that  the  Whitehaven  Sandstone 
Series,  south  of  Oughterside,  is  an  unconformable  part  of  the  Coal-measures, 
let  us  investigate  the  area  to  the  north-east  of  that  place,  and  in  the  first 
place,  it  may  be  well  to  point  out  that  all  the  principal  faults  intersecting 
the  coal-field  between  Oughterside  and  Bolton  Low  Houses,  are  down  to 
the  north-east,  making  it  highly  probable  that  the  purple-grey  rocks 
found  near  Oughterside,  and  which  are  admitted  by  Mr.  Holmes  and  Mr. 
Russell  to  belong  to  the  Whitehaven  Sandstone  Series,  will  be  repeated 
throughout  the  area  to  the  north-east. 

Now,  what  is  found  ?  Exactly  what  might  have  been  expected,  that 
the  purple-grey  rocks  are  there.     Appendix  C  contains  a   number   of 
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sections  obtained  by  sinking  and  boring  through  these  rocks,  the  tints  of 
which,  as  before,  are  described  as  red,  grey,  or  brown,  and  will  hereinafter 
be  referred  to  as  purple-grey. 

In  these  sections  (Appendix  C)  as  in  Xos.  1  to  8  inclusive  (Appendix 
A),  it  is  found  that  the  proportion  of  sandstone  to  shale  is  greater  than 
in  the  Middle  Coal-measures,  where  the  purple-grey  colour  is  absent. 
The  sections  also  show  very  little  coal  as  compared  with  those  of  the 
Middle  Coal-measures. 

The  difference  between  section  Xo.  16  and  Xos.  9  to  13  inclusive,  and 
its  general  correspondence  with  Xos.  1  to  8  inclusive,  will  be  seen  at  once 
on  reference  to  Fig.  3  (Plate  VI.).  Xos.  14  and  15  are  omitted  from  this 
view,  because  they  are  so  shallow,  and  include  an  unusual  proportion  of 
coal  in  comparison  with  their  depth. 

The  Whitehaven  Sandstone  has  so  peculiar  an  appearance  that  the 
writer  would  have  thought  it  sufficient  merely  to  assert  the  identity  of  the 
rocks  at  Rosegill,  Watch  Hill,  near  Baggrow,  Allhallows  colliery,  Priest- 
croft,  and  near  Bolton  Xew  Houses,  were  it  not  that  Mr.  T.  Y.  Holmes 
has  thought  otherwise.  So  far  as  we  know,  it  was  simply  lithological 
likeness  which  enabled  Prof.  Sedgwick  and  all  later  observers  to  affirm  the 
identity  of  the  purple-grey  rocks  at  Whitehaven  and  elsewhere  along  the 
coast. 

Even  Mr.  Holmes,  for  no  other  reason  that  is  given,  considers  that  the 
purple-grey  rock  at  Rosegill  is  the  same  as  that  seen  near  Whitehaven, 
notwithstanding  that  the  two  places  are  13  miles  apart,  and  although,  in 
about  9  miles  of  the  intervening  ground,  there  is  not  a  trace  of  the  rock 
to  be  seen.  Surely  if  the  characters  of  this  rock  are  sufficiently  marked 
to  enable  anyone  to  recognize  it  in  isolated  areas  so  far  apart  as  White- 
haven and  Rosegill,  there  should  be  no  difficulty  between  the  latter  place 
and  Bolton  Xew  Houses,  for  the  rock  is  practically  continuous  between 
these  two  places,  and  therefore  any  change  of  lithological  character  might 
be  easily  traced.  For  the  purpose  of  following  the  purple-grey  rocks, 
step  by  step,  from  the  area  in  which  they  are  admitted  to  be  Upper 
unconformable  Coal-measures,  to  that  in  which  they  are  not  so  admitted, 
by  the  geological  surveyors,  Fig.  9  (Plate  VI.)  has  been  prepared. 

The  rocks  in  these  sections,  above  the  line  drawn  as  the  base  of  the 
Whitehaven  Sandstone  Series,  are,  to  a  large  extent,  of  a  purple-grey  colour, 
but  with  them,  especially  where  coal-seams  occur,  are  beds  of  the  ordinary 
Coal-measure  tints.  The  total  thickness  of  strata  shown  in  these  sections 
as  being  in  the  Whitehaven  Sandstone  Series,  is  2,833  feet,  37^  per  cent, 
of  which  is  sandstone  and  62i  per  cent,  is  shale.     The  aggregate  thickness 
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of  coal  is  51  feet,  or  about  If  per  cent,  of  the  whole.  The  average 
thickness  of  the  seams  is  about  1(H  inches. 

The  strata  in  the  Middle  Coal-measures,  as  represented  in  these 
sections,  have  a  gross  thickness  of  1,345  feet,  the  sandstone  occupying 
25  per  cent,  and  the  shale  75  per  cent,  of  the  whole.  The  coal  is  101 
feet  or  nearly  8  per  cent,  of  the  total  thickness  of  strata,  and  the  average 
thickness  of  the  seams  is  about  30  inches. 

In  comparing  these  sections  (Nos.  1  to  8  inclusive)  with  those  in  Fig. 
3  (Plate  VI.)  taken  in  the  southern  part  of  the  coal-field,  two  differences 
present  themselves,  (a)  the  larger  proportion  of  shale,  and  (b)  the  greater 
thickness  of  coal  which  appears  in  these  sections  at  the  north-eastern  end 
of  the  field.  Still,  here,  as  there,  the  Whitehaven  Sandstone  Series  is  more 
arenaceous  and  contains  very  much  less  coal  than  the  Middle  Coal- 
measures. 

Let  us  now  see  if  these  rocks  are  unconformable  to  the  Middle  Coal- 
measures,  because  Mr.  Holmes  denies  that  they  are.  Taking  the 
Ellenborough  section,  we  have,  below  the  Senhouse  high  band  coal-seam, 
a  bed  of  purple-grey  sandstone  S,  the  bottom  of  which  is  560  feet  above 
the  yard  band  coal-seam,  and  this  sandstone,  in  sheet  75  of  the  vertical 
sections  of  H.M.  Geological  Survey  of  Cumberland,  is  described  as 
Whitehaven  Sandstone.  With  that  the  writer  agrees,  but  he  goes  further 
than  Mr.  Russell  does,  and  says  that  the  whole  of  the  rocks  above  this 
bed  up  to  the  surface  belong  to  the  Whitehaven  Sandstone  Series. 

Now  pass  on  to  Crosby.  The  principal  seams  there  and  at  Ellen  - 
borough  are  easy  of  identification  from  the  yard  band  up  to  the  ten-quarters 
coal-seam  ;  but  above  that  there  is  a  difficulty,  and  we  find  no  corre- 
spondence whatever  in  the  two  sections  until  we  reach  the  Whitehaven 
Sandstone  S  in  the  Ellenborough  section,  the  seams  between  that  rock 
and  the  ten -quarters  coal-seam  at  Ellenborough  being  absent  from  the 
Crosby  section. 

On  the  surface,  at  and  near  Crosby,  is  a  purple-grey  sandstone  which 
Mr.  Holmes  admits  to  be  Whitehaven  Sandstone.  In  the  journal  of  the 
shaft-sinking,  rocks  of  the  same  colour  T  are  recorded  to  a  depth  of  225 
feet.  Then  follow  rocks  of  the  ordinary  Coal-measure  hues,  and  over  the 
ten-quarters  coal-seam  is  a  white  sandstone.  This,  notwithstanding  the 
absence  of  colour,  the  writer  looks  upon  as  the  equivalent  of  the  bed  S  at 
Ellenborough. 

On  reaching  the  next  section,  near  the  bridge  over  the  river  Ellen, 
we  find  confirmation  of  this  supposition,  for  the  sandstone  beds  V  have 
the  purple-grey  colour.     We  also  find  it  in  the  next  section  at  V  in  some 
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of  the  layers  of  rocks.  At  Allhallows,  the  colour  of  the  bed,  when  given 
in  the  journal,  is  said  to  be  grey,  but  at  Bolton  No.  2  pit,  and  No.  5 
borehole,  the  sandstone  beds  IT  have  all  the  purple-grey  tint. 

Taking  the  bed  which  we  have  just  traced  through  the  sec- 
tions as  the  base  of  the  Whitehaven  Sandstone  Series  we  see  at 
a  glance  how  great  is  the  unconformity.  The  yard  band  in 
these  different  sections  is  generally  admitted  to  be  the  same  seam. 
In  the  Crosby  section  we  can  trace  all  the  other  coal-seams  of 
the  Middle  Coal-measures  that  are  found  at  Ellenborough,  up  to 
and  including  the  ten-quarters  coal-seam.  Then  these  measures  stop. 
Near  the  bridge  over  the  Ellen  river,  and  at  Aspatria,  No.  3  pit,  the 
rattler  coal-seam  and  the  ten-quarters  coal-seam  have  disappeared.  At 
Allhallows,  the  30  inches  coal-seam  of  Bullgill  has  gone,  and  that  name 
has  been  given  to  a  coal-seam  which  is  the  equivalent  of  the  metal  band 
of  Bullgill.  At  No.  2  pit,  Bolton,  there  is  not  a  single  coal-seam  left  in 
the  Middle  Coal-measures  above  the  yard  band. 

The  difficulties  facing  anyone  attempting  to  correlate  the  seams  of  the 
Middle  Coal-measures  above  the  ten-quarters  coal-seam  at  Ellenborough, 
with  the  seams  in  any  of  the  other  sections  are,  it  is  submitted,  insur- 
mountable, and  the  same  statement  may  be  extended  to  all  the  coal-seams 
above  the  yard  band  lying  to  the  north-east  of  Allhallows. 

Now  let  us  see  what  is  obtained  by  viewing  the  rocks  in  the  way  just 
suggested.  Commencing  at  the  Ellenborough  section,  we  have,  in  these 
purple-grey  rocks,  several  scams  of  coal,  but  there  are  two  of  more 
importance,  practically,  than  any  of  the  others.  One  is  known  as  the 
Senhouse  high  band,  and  is  about  44  inches  thick.  The  other  occurs 
about  30  feet  below  that  seam,  and  is  about  2  feet  thick.  In  the 
Crosby  section  we  have  what  may  be  fairly  taken  to  represent  these 
two  coal-seams,  allowance  being  made  for  the  intervening  distance. 
Near  the  bridge  over  the  Ellen  river  only  the  lower  seam  is  seen,  but 
thence  we  find  the  two  seams  in  each  of  the  other  sections,  and  still 
further  to  the  north-east  at  Bolton  old  colliery,  they  have  been 
extensively  worked  under  the  names  of  the  crow  band  and  master  band, 
the  latter  being  the  lower  of  the  two.  The  depth  of  this  seam  at  the 
Lady  pit  is  302  feet. 

As  regards  the  smaller  coal-seams  higher  in  the  sections  it  is  useless 
to  attempt  any  correlation,  they  are  so  inconstant,  as  in  fact  such  coal- 
seams  usually  are. 

Having  now,  it  is  submitted,  proved  what  was  the  writer's  intention 
to  prove,  and  what  in  fact  he  had  already  shown  in  1883,  he  would,  in 
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conclusion,  merely  point  out  that  Mr.  Holmes  by  assuming  these  purple- 
grey  rocks  to  be  stained  Middle  Coal-measures  has  been  led  into  other 
errors,  for  on  the  Aspatria  sheet  partly  prepared  by  him,  in  the  area 
lying  immediately  to  the  north-east  of  the  coal-field,  he  has  coloured 
as  belonging  to  the  Millstone  Grit  and  Carboniferous  Limestone  Series 
rocks  which  also  belong  to  the  Whitehaven  Sandstone  Series  or  Upper 
Coal -measures. 

If  lithological  character  goes  for  anything,  and  it  is  trusted  over  wide 
areas  by  very  competent  observers,  then  the  purple-grey  rock  seen  at  Nine 
Gills  and  elsewhere  adjacent  in  Shalk  beck  is  "Whitehaven  Sandstone. 
This  is  only  what  might  be  expected.  The  east-and-west  fault  which 
passes  near  Parson  Bridge  is  down  to  the  north,  and  therefore  in  the 
lenticular  area  lying  to  the  north-east  of  the  coal-field,  and  which  is  shown 
as  Millstone  Grit  on  the  geological  map,  we  should  expect  the  purple-grey 
rocks  of  Bolton  New  Houses  to  be  repeated,  just  as  they  are  repeated  by 
similar  faults  north-east  of  Onghterside.  There  are  other  Carboniferous 
rocks  besides  those  mentioned,  more  to  the  east,  that  have  a  purplish  hue, 
but  they  are  very  different  from  the  Whitehaven  Sandstone,  in  tint, 
composition,  and  structure,  and  could  never  be  mistaken  for  Whitehaven 
Sandstone,  even  in  hand  specimens,  by  anyone  familiar  with  that  rock. 

Against  the  positive  evidence  afforded  by  exact  lithological  correspon- 
dence, Mr.  Holmes  opposes  the  negative  argument  that  because  the 
purple-grey  rocks  along  the  Shalk  beck  are  lying  at  a  high  angle  it  is 
difficult  to  conceive  any  Carboniferous  rocks  lying  at  a  higher  angle 
below,  which,  of  course,  there  ought  to  be,  if  the  purple-grey  rocks  that 
he  has  placed  in  the  Millstone  Grit  and  Carboniferous  Limestone  Series 
belonged  to  the  unconformable  Whitehaven  Sandstone  Series.  Now,  when 
it  is  known  that  the  angle  of  unconformity  between  the  Middle  Coal- 
measures  and  the  Whitehaven  Sandstone  Series  is  less  than  5  degs.  Mr. 
Holmes'  objection  disappears  entirely,  for  however  higb  the  angle  of  dip 
might  be,  it  is  very  easy  to  understand  how  that  of  underlying  rocks  could 
be  steeper  by  only  5  degs. 

To  conclude,  the  facts  on  which  the  writer  chiefly  relies  in  separating 
the  Whitehaven  Sandstone  Series  from  the  Middle  and  Lower  Coal- 
measures  and  classing  it  as  Upper  Coal-measures  are  : — 

(a)  That  it  contains  very  little  coal,  and  that  mainly  near  its  base. 

(b)  That  it  is  very  much  more  arenaceous  than  either  the  Middle  or 

Lower  Coal-measures. 

(c)  That   it  always  occurs  above  the  well-known  coal-seams  of  the 

Middle  and  Lower  measures. 
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(d)  That  it  is  unconformable  to  the  Middle  and  Lower  measures. 

(e)  The  purple-grey  colour  being  pre-Permian  as  demonstrated  by  the 

faulting  near  the  Croft  pit,  Permian  or  post-Permian  staining 
is  out  of  the  question. 
(/)  The  absence  of  the  purple-grey  colour  from  the  rocks  of  the  Middle 
and  Lower  Coal-measures  whenever  the  determination  is  beyond 
doubt. 


Appendix  A. — Sections  of  the  Whitehaven  Sandstone  Series. 
1. — Croft  Pit,  near  Whitehaven. 


Description  of  Strata. 


Thick- 
ness of 

Strata.       No. 
Ft.  In. 


1     6 


1  Reddish  soft  sandstone 

2  Red    shale,    with    layers    of 

sandstone    ...         ...         ...  2  6 

3  Red  sandstone           ...          ...  42  6 

4  Soft  red  shale            0  6 

5  Red  shale,  with  thin  layers 

of  sandstone           ...          ...  52  0 

6  Strong  red  sandstone  (greyish)  29  9 

7  Lumpy  red  sandstone          ...  09 


Description  of  Strata. 


8  Blue    shale,    with    spots     of 

COAL        

9  Red  shale        

10  Black  shale     ... 

11  Ash-coloured  shale    ... 

12  Purple  shale,  with  layers  of 

sandstone    ... 

Total      


Thick- 
ness of 
Strata. 
Ft.   In. 


0  9 
13  0 

1  0 
4  0 

27  3 

175  6 


-Henry  Pit,  Cleator  Moor. 


1  Red  sandstone 

2  Red  shale 

3  Grey  sandstone 

4  Clay     

5  Grey  sandstone 

6  Red  sandstone 

7  Sandy  shale    ... 

8  Grey  sandstone 


1  Red  shale 

2  Mottled  shale  

3  Soft   purple   micaceous   sand- 

stone 

4  Purple  and  green  shale 

5  Red  shale 

6  Reddish  limestone  * 

7  Purple  sandy  shale    .. 

8  Conglomerate 

9  Grey  and  pink  shaly  sandstone 

10  Shaly  conglomerate  ... 

11  Red  shale        

12  Red  and  grey  micaceous  sand- 

stone 


6 

0 

3 

0 

3 

0 

0 

6 

18 

0 

2 

0 

0 

6 

10 

0 

e-hole  at 

9 

4     1 

7 

0 

9 

2 

4 

0 

39 

7 

3 

9 

]<) 

8 

11 

0 

6 

0 

39 

1 

6 

0 

5 

6 

9;  Red  sandstone 

10  Reddish  shale 

11  Red  and  white  sandstone 

12  Reddish  shale 

13  Hard  grey  sandstone 

Total      


38  0 

1  0 

67  6 

IS  0 


194    6 


13  Grey  sandstone 

31 

11 

14  Red  shale 

5 

9 

15  Undescribed  ... 

11 

6 

16  White  limestone  *     ... 

1 

0 

17  Red  sandy  shale 

2 

6 

18  Mottled  shale 

16 

0 

19  Dark       purple       brecciated 

marl 

5 

0 

20  Grey  sandstone 

1 

6 

2  L  Red  and  grey  shale  . . . 

1 

10 

22  Blue  shale 

7 

0 

23  COAL,  pyritous       ... 

0 

4 

24  Blue     shale,     striated 

red, 

plant  remains 

2 

9 

Mr.  W.  Brockbank  has  found  species  of  Spirorbis  and  Ostracoda  in  these  beds;  and  in  a  valley  not 
far  distant  from  this  hole,  the  writer,  in  company  with  Mr.  Strahan  of  the  Geological  Survey,  has  seen 
Spirorbis  in  detached  pieces  of  limestone. 
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No. 


Description  of  Strata. 


25  Grey  sandstone 

26  Blue     shale,     striated     red, 

plant  remains 

27  Fireclay 

28  COAL 

29  Blue  shale       

30  Grey  fireclay  ... 

31  Red  shale,  with  thin  bands  of 

blue  shale   ... 

32  Greenish  marl 

33  Fireclay  

34  Blue  shale 

35  Fireclay  ...         

36  Blue  shale       

37  COAL  

38  Blue  shale       

39  Bed  shale        

40  Red  sandstone 


Thick- 
ness of 
Strata. 
Ft.  In. 
1     0 

10  10 
3  10 

1  0 

11  0 
5    0 

5  8 
15    4 

7  11 
33    2 

2  0 

5  10 
1     3 

10    8 
1     0 

6  11 


No.         Description  of  Strata. 

41  Red  shale 

42  Reddish-grey  shale  ... 

43  Reddish-grey  sandstone 

44  Red  sandy  shale 

45  Reddish  sandstone    ... 

46  Sandstone,  with  beds  of  soft 

purple  shale 

47  Mottled  sandy  shale 

4S  Red  shale,  with  beds  of  sand- 
stone 

49  Mottled  shale  

50  Purplish  sandstone  ... 

51  Conglomerate 

52  Reddish-grey  sandstone 

53  Dark  purple  shale     ... 

54  Reddish-grey  sandstone 


Total,  but  base  was  not  reached   511     0 


Thick- 

ness of 

Strata. 

Ft. 

In 

5 

0 

7 

2 

6 

4 

6 

0 

10 

4 

17 

2 

15 

2 

10 

3 

5 

8 

21 

7 

11 

10 

11 

6 

7 

0 

12 

5 

4. — Bore-hole  at  Bigcroft. 


1  Permian  breccia 

2  Red  sandstone 

3  Shaly  sandstone 

4  Hard  sandstone 

5  Shaly  sandstone 

6  Red  shale 

7  Hard  sandstone 

8  Shaly  sandstone 

9  Red  sandstone 

10  Shaly  sandstone 

1 1  Hard  sandstone 

12  Shaly  sandstone 

13  Soft  shale 

14  Red  sandstone 


35 

3 

19 

0 

3 

6 

9 

(i 

6 

0 

3 

0 

5 

(J 

40 

6 

3 

0 

5 

6 

3 

6 

2 

(I 

2 

6 

15  Red  shale 

16  Shaly  sandstone 

17  Hard  sandstone 
IS  Softer  sandstone 

19  Hard  sandstone 

20  Red  sandstone 

21  Sandy  fireclay 

22  Red  sandstone 

23  Red  shaly  sandstone 

24  Shaly  sandstone 

25  Red  shale 

26  Grey  sandy  shale 

Total      


2 

0 

2 

0 

23 

6 

2 

0 

35 

0 

41 

6 

o 

6 

10 

6 

15 

0 

16 

0 

17    6 
20     6 


327     0 


5. — Bore-hole  near  Arlecdon. 


1  Permian  breccia 

V 

2  Red  shale 

70' 

9 

3  Grey  sandstone 

3 

(i 

4  Red  shale 

3 

6 

5  Red  sandstone 

5 

0 

6  Red  shale,  with 

grey  bands 

48 

0 

7  Grey  shale 

2 

8 

8  Red  shale 

14 

4 

9  Grey    sandstone 

,     with     red 

bands 

5 

9 

10  Red  shale,  with 

grey  bands 

11 

8 

11  Red  shale 

17 

7 

12  Grey  shale 

2 

9 

13  Red  sandstone 

7 

5 

14  Red  shale 

41 

10 

15  Red  sandstone 

19 

0 

16  Grey  sandstone, 

randed  red, 

and  much  lime 

24 

3 

17  Soft     red     sandstone,     with 

haematite     ... 

18  Red  sandstone,  with  lime  . . . 

19  Soft  red  shale 

20  Haematite 

21  Grey  shale,  with  lime 

22  Black  shale 

23  Red  shale  and  grey  bands  . . . 

24  Haematite 

25  Red  shale,  randed  grey 

26  Grey  shale 

27  Grey   shale,    with   bands    of 

COAL        

28  Grey  shale,  randed  red 


10 

40 

14 

0 


Total,  but  base  was  not  reached  356     4 
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6.— New  Pit,  Flimby. 


Thick- 

Thick- 

ness of 

ness  of 

No.           Description  of  Strata.                        Strata. 

Xo.          Description  of  Strata. 

Strata. 

Ft. 

In. 

Ft.   In. 

1   White  sandstone 

12 

7 

13  White  sandstone 

6      4 

2  COAL,  senhouse  high  band         2 

S 

14  Black  shale    ... 

4     2 

3  Light  grey  fireclay 

S 

0 

15  COAL            

2     4 

4  Ironstone 

0 

6 

]  6  Dark  grey  fireclay    ... 

4     6 

5  Light  grey  shale 

15 

6 

17  Grey  sandstone 

1  10 

6  Dark  blue  shale 

11 

9i 

18  Grey  shale 

2     3 

7  COAL,  slaty 

2 

Oh 

19  COAL             

0  11 

8  Dark  grey  fireclay 

1 

3 

20  Grey  fireclay  ... 

3    3 

9  Red  sandstone 

0 

10 

21  Grey  shale 

13    6 

10  Red  shale 

4 

9 

22  Red  sandstone 

30    9 

11  Red  sandstone 

103 

0 



12  Grey  shale 

..       8 

6 

Total      

241     3 

7. 

— Bore-hole  near  Risehow  House,  Flimby. 

1  Brown  sandstone 

IS 

4     I 

7  Red  and  white  shale 

24     6 

2  Red  sandstone 

14 

0 

S  Brown  sandstone 

6    0 

3  Brown  sandstone 

22 

8 

9  Red  shale        

12    0 

4  Red  shale 

2 

0 

10  Red  sandstone 

23    0 

5  Red  and  blue  shale 

'.'.         ..'.       4 

o    1 

6  Red  sandstone 

4 

6 

Total,  but  base  was  not  reached 

131     0 

8. — Rosegi 

U  Pil 

,  near  BullgiU. 

1  Red  shale 

6 

0 

36  Black  shale 

1     0 

2  Purple-grey  sandsto 

ne         ...     91 

6 

37  White  fireclay 

2    0 

3  Red  shale 

14 

0 

3S  White  sandstone 

4    0 

4  Red  dappled  fireela1 

j           ...       5 

6 

39  Dark  shale      

5     0 

5  Shale 

10 

0 

40  COAL             

0    3 

6  Light  grey  sandston 

e           ...       6 

0 

41  Fireclay 

4     0 

7  Red  dappled  fireela 

f           ...       5 

0 

42  Light  shale,  with  ironstone 

15     6 

S  Shale 

9 

4 

43  Dark  shale      

21     6 

9  Grey  sandstone,  mi 

xed  with 

44  COAL             

0    3 

shale 

2 

6 

45  Dark  shale 

0    3 

10  Red  shale 

'.'.'.      ...     0 

S 

46  COAL            

0    1 

11  Shale    ... 

6 

0 

4/   Dark  shale      

6    6 

12  Blue  shale       ... 

o 

3 

4S  COAL            

1     9 

13  Light-coloured  shal 

B            ...       3 

0 

49  Dark  fireclay,  with  beds  of 

14  Dark-red  shale 

9 

0 

sandstone 

5  10 

15  Grey  sandstone 

1 

6 

50  Grey  sandstone 

17     6 

16  Red  shale 

7 

0 

51  Dark  shale 

5    6 

17  Lieht-coloured  shal 

e            ...       1 

o 

52  COAL            

1     2J 

18  Red  shale 

11 

0 

53  Dark  shale 

1     2 

19  Grey  sandstone 

251 

6 

54  COAL             

ii    2| 

20  Red"  shale 

1 

6 

55  Dark    fireclay,    with     sand- 

21 Light -grey  sandstot 

te           ...     *3 

0 

stone 

6    0 

22  Red  shale 

8 

6 

56  Black  shale     ... 

0  10 

23  Ironstone 

0 

4 

57  Shale    ... 

0    Sh 

24  Dark-blue  shale 

7 

6 

58  COAL            

0    3i 

25  Dark  shale 

0 

2 

59  Dark  fireclay  ... 

3  10 

26  Dark -bluish  sandst 

)ne         ...       1 

0 

60  White  sandstone 

6    0 

27  Black  shale     ... 

0 

2 

61  Shale 

5     6 

2S  COAL 

0 

2 

62  Fireclay 

5     0 

29  Fireclay 

4 

3 

63  COAL            

0  11 

30  Bluish  sandstone 

7 

6 

64  Shale 

0    7 

31  White  sandstone 

9 

0 

65  COAL             

0     1 

32  Dappled  red  sandst 

one        ...       4 

6 

66  Grey  fireclay ... 

4     0 

33  Dark  fireclay  . . . 

1 

6 

67  Shale,  with  beds  of  freestone 

51     0 

34  Dappled  red  sandst 

one        ...       2 

0 



35  Blue  shale 

12 

6 

Total      

461  n 
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Appendix  B. — Sections  of  Middle  Coal-measures. 


-Croft  Pit,  near  Whitehaven,  from  the  base  of  the  Whitehaven  Sandstone 

Series. 


No.         Description  of  Strata. 


1  COAL  

2  Whitish  sandstone 

3  Dark  shale    ... 

4  COAL  

5  Dark     shale,    mixed     with 

COAL      

6  Whitish  sandstone ... 

7  Bluish    shale,    mixed    with 

grey  sandstone    ... 

8  White  ironstone 

9  Sandstone,     striated     with 

blue  shale 

10  Sandstone,  in  thin  beds     . . . 

11  Dark -blue  shale 

12  COAL  

13  Dark-grey  shale 

14  COAL,  with  1  inch  of  shale 

15  Grey  sandstone,  with  iron- 

stone 

16  Hard  white  sandstone 

17  COAL  

IS  Shale,  mixed  with  sandstone 

19  Olive-coloured  shale 

20  COAL  

21  Black    shale,    mixed    with 

sandstone 

22  White     sandstone,     mixed 

with  shale 

23  Dark  blue  shale 

24  COAL  

25  Black    shale,    mixed    with 

sandstone  ... 

26  Strong  white  sandstone     ... 

27  Ironstone 

28  Dark-grey  shale,  with  COAL 

about  5  inches  thick 

29  Light-coloured  shale,  mixed 

with  sandstone    ... 

30  Blue    shale,    striated    with 

sandstone  ... 

31  White  sandstone     ... 

32  Black  shale 

33  COAL  

34  Soft  grey  shale 

35  COAL  

3b"  Hard  black  shale    ... 

37  COAL,  mixed  with  pyrites 

38  Grey  shale    ... 

39  Blue  shale      

40  Sandstone,      mixed       with 

ironstone  ... 

41  Dark  blue  shale 

42  COAL 


Thick- 

Thick- 

ness of 

ness  of 

Strata 

No.       Description  of  Strata. 

Strata. 

Ft. 

In. 

Ft. 

Iu. 

1 

0     i 

43  Shale,  mixed  with  sandstone 

2 

6 

10 

2 

44  White  sandstone    ... 

7 

0 

4 

11 

45  Blue    shale,    with    beds 

of 

1 

10 

white  sandstone  ... 

4 

7 

46  Light-blue  shale 

3 

0 

2 

6 

47  Blue  shale,  with  ironstone 

12 

0 

8 

6 

48  Black  shale 

1 

0 

49  COAL          

0 

6 

3 

0 

50  Brownish  hard  shale 

9 

0 

1 

0 

51  Blue  shale     ... 

30 

6 

52  COAL          

1 

0 

1 

S 

53  Lightish-grey  shale 

4 

0 

9 

3 

54  Sandstone,    with    beds 

of 

13 

6 

blue  shale 

7 

0 

0 

9 

55  Blue    shale,    with    beds 

of 

15 

8 

white  sandstone  ... 

... 

4 

0 

2 

0 

56  Blue  shale    ... 

30 

0 

57  COAL,  bannock  band 

5 

4 

8 

0 

58  Grey  shale    ... 

4 

3 

15 

6 

59  Black  shale  ... 

o 

2 

1 

0 

60  COAL          

1 

3 

8 

0 

61  Light-coloured  shale 

3 

4 

2 

4 

62  Blue   shale,    with    beds 

of 

1 

1 

white  sandstone  . . . 

3 

4 

63  Ironstone 

0 

4 

8 

8 

64  Grey  shale    ... 

3 

9 

65  Strong  white  sandstone 

5 

6 

8 

0 

66  Sandstone,    with    beds 

of 

22 

4 

dark  shale 

10 

10* 

1 

3 

67  Greyish  shale 

6 

0 

68  Sandstone,  with   thin  beds 

7 

6 

of  blue  shale 

16 

2h 

6 

0 

69  Blue  shale    ... 

o 

1 

3 

0 

70  COAL,  main  band 

7 

10* 

71  Fireclay 

2 

0 

11 

6 

72  Shale 

22 

1 

73  COAL          

0 

8 

5 

6 

74  Hard  fireclay 

2 

3 

75  Eanded  shale 

10 

0 

10 

0 

76  COAL,  cannel 

1 

5 

2 

6 

77  Shale  ... 

7S  COAL,  cannel 

7 

3 

10 

3 

0 

5 

0 

4 

79  Fireclay 

1 

7 

0 

3 

80  Sandstone     ... 

5 

4 

0 

S 

81  Shale 

10 

2 

1 

7 

82  COAL          

0 

8 

1 

2 

83  Fireclay        

0 

10 

3 

0 

84  Shale 

12 

4 

7 

6 

85  COAL  and  fireclay 

2 

8 

86  Fireclay 

T 

4 

3 

0 

87  Shale 

15 

0 

12 

0 

88  COAL 

0 

8 

2 

6 

89  Soft  shale     

1 

9 

*  The  section  below  the  main  band  coal-seam  is  that  of  the  Wellington  pit,  Whitehaven. 
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Thick- 

Thick- 

ness of 

ness  of 

No.         Description  of  Strata. 

Strata. 

No.          Description  of  Strata. 

Strata. 

Ft 

iu, 

Ft.  In. 

90  COAL,  bad 

...     o 

11 

109  Soft  shale      ... 

...      0    7 

91  Fireclay        

...       2 

2 

110  COAL 

...       1    4 

92  Shale 

...     10 

2 

111  Shale 

...       0    4 

93  COAL          

...       0 

6 

112  Fireclay 

...       3    5 

94  Fireclay        

...       5 

1 

113  Randed    shale 

and 

'  cats- 

95  Dark  sandstone 

...     11 

0 

copes" 

...     19    0 

96  Randed  shale 

...     15 

10 

114  Ironstone 

...       0  10 

97  White  sandstone     ... 

...       4 

6 

115  Randed  shale 

...       1     0 

98  COAL  and  fireclay 

1 

2 

116  COAL 

...       1     8 

99  Fireclay        

...       3 

2 

117  Fireclay 

...       2     G 

100  Dark  sandstone 

...     18 

0 

US  Black  shale  ... 

...       3    6 

10L  Shale 

...     14 

0 

119  Ironstone 

...      0    7 

102  Rattler           

...       0 

6 

120  Black  shale  ... 

...      0  11 

103  COAL          

2 

0 

121  COAL 

1     0 

104  Fireclay        

...       4 

6 

122  Dark  shale    ... 

...       4     4 

105  Randed  shale 

...     16 

S 

123  COAL    (six-quarters 

coal- 

106  COAL,  cannel 

1 

0 

seam) 

...      7    7 

107  COAL,  bad 

1 

8 

108  COAL,  cannel 

...       0 

11 

Total      ... 

...  689    3 

10. — No.  1  Bore-hole,    Whinnyhill  Pit,  Gleator  Moor,  from  the  base  of  the 
Whitehaven  Sandstone  Series. 


1  Grey  fireclay  ... 

2  Grey  randed  sandstone 

3  COAL 

4  Dark  fireclay 

5  Dark    randed 

stone... 

6  Black  shale 

7  Black     shale, 


fireclay    and 


with 


cat- 


scopes 

8  COAL  

9  Grey  fireclay  ... 

10  White  sandstone       ... 

11  Dark  grey  sandstone 

12  Blue  shale  and  "catscopes" 

13  COAL  

14  Fireclay  ... 

15  Light-coloured  shale 

16  COAL  

17  Fireclay 

IS  Randed  shale... 
Six-feet  coal-seam — 

19  COAL,     with    parting    £ 

inch  thick 

20  Black  shale 

21  COAL         

22  Fireclay  

23  Dark   randed    shale,   with  a 

little  sandstone 

24  Dark  randed  shale     ... 

25  Shale  and  "catscopes" 
Four-feet  coal-seam — 

26   COAL        


5 

0 

5 

0 

2 

2 

4 

li 

5 

2 

26 

7 

0 

5 

1 

5 

21 

0 

2 

0 

7 

0 

6 

0 

1 

4 

7 

0 

4 

0 

0 

8 

0 

(i 

33 

0 

3 

0 

1 

8 

1 

8 

3 

0 

24 

0 

3 

0 

1     3 


1     3 


27  Shale           ...  0  9 

28  COAL        2  3 

29  Fireclay          1  0 

30  White  sandstone       6  0 

31  Dark  shale      .  3  0 

32  COAL             0  li 

33  Dark  shale      26  0~ 

34  Black  shale     OS 

35  Strong  red  shale        ...         ...  15  10 

Five-feet  coal-seam — 

36  COAL  6  0 

37  COAL  and  shale 3  0 

38  COAL        0  4 

39  Fireclay          0  6 

40  Shale,  upper  part  randed    ...  21  0 

41  w  hite  sandstone       ...         ...  6  0 

42  Shale 2  0 

43  Rattler            0  6 

Bannock  band  coal-seam — 

44  COAL        3  0 

45  Shale            14 

46  COAL        4  0 

47  Fireclay          6  0 

48  Shale 1  0 

49  COAL            1  0 

50  Fireclay  and  shale    ...         ...  2  0 

51  Shale,  with  white  sandstone  S  0 

52  Sandstone       ...         84  0 

53  Grey  shale      5  0 

54  COAL,  main  band  coal-seam  9  0* 

55  Fireclay          5  0 

56  White  sandstone       ...         ...  4  0 


The  section  below  the  main  band  coal-seam  is  that  of  the  No.  2  pit,  Cleator  Moor. 
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No.  Description  of  Strata. 

57  Shale,  with  thin  ironstone  ... 

58  COAL  

5ii  Fireclay 

60  Shale  and  two  bands  of  iron- 

stone 

61  COAL,  coarse  cannel 

62  Shale    and    three    bands    of 

ironstone     ... 

63  COAL,  ya  rd  band  coal-seam 

64  Fireclay  

65  Shale 

66  COAL  

67  Soft  shale 

6S  COAL,  bad 

69  Fireclay         

70  Shale 

71  COAL 

72  Fireclay  

73  Dark  sandstone 

74  Randed  sandstone     ... 

75  White  sandstone 

76  COAL  

77  Fireclay  

7S  Dark  sandstone 


Thick- 

Thick- 

ness of 

ness  of 

Strata. 

No.          Description  of  Strata 

Strata. 

Ft.   In. 

Ft.   In. 

17    6 

79  Shale 

...     14     0 

0     6 

80  Rattler 

...       0     6 

1     6 

81  COAL 

...       2     4 

S2  Fireclay 

...       4     6 

12     7 

83  Randed  shale... 

...     16     S 

1  10 

84  COAL,  cannel 

...       1     0 

85  COAL,  bad    ... 

...       1     8 

8    1\ 

86  COAL,  cannel 

...       0  11 

3    0 

87  Soft  shale 

...      0    7 

1     4 

88  COAL 

...       1     6 

15    0 

89  Fireclay 

...       3     6 

0    8 

90  Randed  shale... 

...     19  10 

1     9 

91  Shale 

...       1     0 

1     0 

92  COAL 

...       1  10 

2    3 

93  Fireclay 

..2     6 

10     2 

94  Black  shale    ... 

...       8     6 

0    6 

95  COAL 

...       1     0 

5     1 

96  Grey  shale 

...       2    6 

11     0 

97  Dark  shale 

...       2    0 

15  10 

98  COAL,  low  bottom 

band 

or 

4     6 

six-quarters    coal- 

seam 

of 

1     4 

the  Whitehaven  district 

...       3    0 

3    2 



18     0 

Total      ... 

...  625  11 

11. — Frizington  Colliery,  No.  1  Shaft,  from  the  base  of  the  Whitehaven  Sandstone 

Serit  s. 


1  Grey  shale 

3 

7 

2  Sandstone 

1 

9 

3  Dark -blue  shale,  with  lime- 

stone balls  ... 

14 

8 

4  Shale 

1 

1 

5  COAL,  sparry 

0 

4 

6  Light-grey  fireclay    ... 

2 

11 

7  Dark-blue  shale 

24 

6 

S  COAL            

0 

8 

9  Grey  shale 

0 

9 

10  COAL,  stony            

0 

6 

11  Dark  shale 

0 

9* 

12  COAL,  good 

1 

n 

13  Shale 

3 

** 

14  Sandstone 

1 

5 

15  Sandstone,  in  thin  layers    ... 

1 

3 

16  Dark -blue  shale         

12 

10 

17  Grey  sandstone 

10 

8 

18  Dark-blue  shale 

7 

11 

19  Fireclay 

0 

6 

20  Dark  shale      

i 

3 

21  COAL            

3 

9 

22  Fireclay 

0 

23  COAL                          

0 

2 

24  Shale 

0 

■2 

25  COAL            

0 

:ih 

26  Shale 

0 

4 

27  COAL            

0 

6 

2S  Grey  shale  * 

9 

0 

29  White  sandstone       ..           ...  27  0 

30  Black  shale 1  6 

31  COAL            2  6 

32  Fireclay  and  white  shale     ...  49 

33  COAL            1  6 

34  White  sandstone       ...         ...  75  0 

35  Randed  sandstone     ...         ...  18  5 

36  White  sandstone       ...         ...  9  11 

37  Fireclay          ...         ...         ...  14 

38  White  sandstone       1  5 

39  Light  shale     0  9 

40  White  sandstone       ...          ...  10  3 

41  Dark  shale      0  2 

42  COAL             1  10 

43  Fireclay          ...         ...         ...  1  10 

44  Randed  sandstone  and  .shale  IS  11 

45  Light-coloured  shale  and  fire- 

clay ...         ...         ...         ...  11  4 

46  Black  shale     1  2 

47  Light  shale     ...         ...         ...  7  8 

48  COAL            1  7 

49  Fireclay          2  0 

50  Randed  sandstone    ...         ...  14  6 

51  COAL            0  8 

52  Light  shale  and  randed  sand- 

stone           ...         ...         ...  22  6 

Total      351  9i 


The  section  below  this  point  is  that  of  a  bore-hole  in  the  bottom  of  the  No.  1  shaft,  Frizington  colliery. 
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12. — Ellenborowjh  Pit,  Mary  port,  from  the  base  of  the  Whitehaven  Sandstorm 

Series. 


No. 


Description  of  Strata. 


1  Black  shale  ... 

2  Dark  shale,  with  "catscopes 

3  Dark  shale    ... 

4  COAL  

5  Black  sandy  shale  ... 

6  Light-coloured  fireclay 

7  Black  shale  ... 

8  Light-coloured  fireclay 

9  Light-coloured  sandstone  . . 

10  Light-coloured  shale 

11  Light-coloured  sandstone  .. 

12  Light-coloured  shale 

13  COAL  

14  Blue  fireclay 

15  Light-coloured  sandy  shale 

with  "  catscopes  " 

16  Black  shale   mixed   with  < 

little  COAL        

17  Light-coloured  sandy  shale 

with  "  catscopes  " 

18  Light-coloured   grey   sandy 

shale 

19  Light-coloured  sandstone  .. 

20  Light-coloured  sandy  shale 
2L  Light-coloured  sandstone  .. 

22  COAL,  Hamilton  coal-seam 

23  Shaly  sandstone 

24  COAL 

25  Dark  shale    ... 

26  COAL,  virgin  coal-seam 

27  COAL,  stony 

28  Shale,  with  beds   of   sand- 

stone 

29  Dark-grey  shale 

30  COAL,    white  metal    band 

coal-seam  ... 

31  Blue  shale     ... 

32  Grey  sandstone 

33  Shale 

34  Hard  sandstone 

35  Fine  blue  shale 

36  Blue  sandstone 

37  Light-coloured  sandstoiie  . . 

38  Light  blue  shale,  with  "cats 

copes" 

39  Shale 

Ten-quarters  coal-seam — 

40  COAL       

41  Shale,  mixed  with  COAL 

42  COAL       

43  Shale 

44  COAL       

45  Shale 

46  COAL      

47  Spar,  bad 
4S  Spar,  good 
49  COAL      

50  Grey  fireclay 

51  Black  shale,  with"  catscopes 


Thick- 

ness of 

Strata 

Ft 

In. 

2 

4 

7 

S 

36 

0 

2 

4 

0 

3 

1 

o 

0 

H 

3 

9 

3 

0 

4 

0 

1 

1 

1 

1 

0 

6 

4 

0 

IS     0 


0     6 


10    0 


1 

0 

1 

3 

6 

0 

30 

0 

7 

0 

18 

111 

0 

8 

71 

0 

2 

li 

7 

8 

26 

9 

7 

9 

4 

8 

4 

3 

1 

0 

4 

6 

5 

4 

5 

11 

o 

4 

5 

10 

7 

0 

0 

3 

2  0 
0  8 
0  10 

0  3i 

1  10" 
0    H 


II 

s 

0 

5 

0 

I 

1 

3 

4 

6 

0 

1 

No.  Description  of  Strati. 

52  Fine  light  sandstone 

53  Coloured  shale,  with  "cat 

copes" 

54  COAL,    rattler   band   coal- 

seam 

55  Fireclay 

56  Shale,  with  "catscopes" 

57  Grey  sandstone 

58  Black  shale  ... 

59  Sandstone 

60  Shale 

61  Dark  sandstone 

62  Black  shale  ... 
Crow  band  coal-seam — 

63  COAL       

64  Shale  and  spar     ... 

65  COAL      

66  Black  shale 
Metal  band  coal-seam — 

67  COAL        

68  Shale         

69  COAL  and  rattler 

70  COAL       

71  Grey  fireclay 

72  Blue  shale     ... 

73  Grey  sandstone 

74  Blue  shale     ... 

75  Dark  grey  shale 

76  COAL,    cannel  band  coal- 

seam 

77  Light-grey  shale 

78  Dark     shale     with      sand- 

stone 

79  Shale 

80  Black  sandstone 

81  Strong  grey  sandstone 

82  Blue  shale  and  sandstone 

83  Light-coloured  sandstone 

84  Strong  grey  sandstone 

85  Light-coloured  sandstone 

86  Shale  and  sandstone 

87  Light-blue  shale 
S8  COAL  and  splint  ... 

89  Light-coloured  shale 

90  Strong  grey  sandstone 

91  Light-coloured  sandstone 

92  Strong  grey  sandstone 

93  Shale  and  sandstone 

94  Blue  shale 

95  COAL  and  splint  ... 

96  Light-grey  shale 

97  Sandstone 

98  Shale 

99  Light-blue  shale 

100  COAL  

101  White  sandstone     ... 

102  Light-grey  sandstone 

103  Grey  shale    ... 

104  Light-grey  sandstone 


16 

2 


Thick- 
ness of 
Strata. 
Ft.   Iu. 

6  3 

10  3 

5  2 

5  0 
4 
4 

2  0 

43  0 

0  5 

26  2 

0  2 

1  0 
0  6 

0  10J 

1  7 

1  6 
0  9 
0  4£ 
0  10J 

2  6 

4  2 

3  S 

6  9 
2  10 

5  7 

4  6 


4  6 
3  2 

2  3 

1  6 
7  9 

3  5 
0  10 

2  2 


1  0 


14  0 
2  3 
2  6 
7  2 
4  0 
2  5 
0 
3 
2 
1 
•2 
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No.         Description  of  Stnita. 


105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
1-20 
121 
122 
123 
124 
125 


Light-grey  shale  ... 

Shale... 

( }rey  shale  with  "catscopes" 

Light-blue  shale 

Catscopes 

Black  splint  or  shale 

Blue  shale  and  "  catscopes  " 

Dark-grey  shale 

Catscopes 

Dark-coloured  shale 

Strong  grey  sandstone 

Dark-coloured  shale 

Sandstone 

Blue  shale  and  "catscopes" 

Grey  sandstone 

Light -blue  shale 

Dark-blue  shale 

Light-blue  shale 

Dark  shale    ... 

COAL  

Shale 


13.  -Rosegill  Pit,  Bullgill,  from  the  base  of  the  Whitehaven  Sandstone  Series. 


Dark    shale    with   ironstone 

beds 
COAL,  ten-quarters  seam 
Dark  shaly  fireclay  ... 
Light -blue  shale 
COAL,     rattler    band    coal- 
seam 

Light  shaly  fireclay 

COAL  and  shale,  slaty  band 

coal-seam    ... 
Brown  sandstone 

COAL  

Light-coloured  shaly  fireclay 
Flinty  sandstone 

Blue  shale      

Black  shale    ... 

COAL,  30  inches  coal-seam 

Black  shale,   with  ironstone 

beds 
COAL,  metal  band  coal-seam 
Light-coloured         sandstone 

beds 
Light-coloured  shale 
C  O  A  L ,  can  n  el  seam 

Shaly  fireclay  

Strong  blue  shale 
Black  stone  and  rattler 
Black  shale    ... 
Light-blue    shale    and    thin 

beds  of  sandstone ... 
COAL,  with  rattler  on  the 

top  ... 
Light-blue  shale 
COAL,  yard  hand  coal-seam 
White  sandy  fireclay 
Grey  sandstone 
Sandy  shale    ... 
COAL  


Thick- 

ness of 

Strata. 

No. 

Ft.  In. 

2    0    1 

126 

3    0 

127 

0    6    1 

12S 

3    2    1 

129 

0     4 

130 

0     6 

131 

5     7     i 

132 

5    0 

133 

0     3 

134 

1     2 

135 

4    2 

136 

0    3 

137 

3     6 

138 

7     2 

139 

0     4 

140 

0  10 

141 

3    6 

142 

1     8 

0    6 

143 

0  11 

0    4 

om  the  b 

zse  of 

32 

15    0 

33 

6     S* 

34 

9    0 

35 

23     6 

36 

2  10 

37 
38 

3    8 

39 

40 

7     0 

41 

9     3 

42 

1     0 

43 

2    3 

44 

5    6 

45 

37     0 

46 

3    6 

47 

3    0 

48 

49 

8     6 

50 

5    6 

51 

52 

6     6 

53 

4    0 

54 

11     0 

55 

3    0 

56 

S    0 

57 

2    0 

58 

2     0 

59 

20     0 

60 

61 

1     0 

62 

21     0 

63 

3     0 

64 

3     0 

65 

3    0 

66 

4     9 

0    9 

Description  of  Strata. 

Light-grey  fireclay ... 
Light-grey  sandstone 
Light-grey  shale 
White  sandstone     ... 
Light-grey  sandstone 
Blue  shale     ... 
White  sandstone 
Grey  sandstone 

COAL  

Black  shale  ... 
Strong  grey  fireclay 
Dark  shale    ... 
Strong  grey  sandstone 
Grey  shale     ... 
Strong  grey  shale    ... 
Grey  sandstone 
Light-coloured    shale 

sandstone  ... 
Blue  shale     ... 


with 


Thick- 
ness of 
Strata. 

Ft.  In. 
1      4 

10 

6 

0 

6 

0 

6 

1 

0 

1 

8 

1 

8 

0 

3 

0 

8 

0 

1 

5 

6 

o 

0 

o 

S 

1 

6 

1 

0 

1 

0 

4 

5 

4 

0 

671     7| 


2  6 

7  6 

2  6 

10  0 


Fireclay 

White  sandstone 

Grey  sandstone 

Blue  shale 

I  ronstone  bed,  with  parting 

Black  shale     ... 

Dark  fireclay ... 

( ;  rev  sandstone 

Ironstone  bed,  with  parting 

Strong  blue  shale     ... 

Ironstone,  with  parting 

Shale   ... 

Strang  grey  sandstone 

Hard  sandstone 

Shale    ... 

Dark-coloured  shale... 

Light-blue  shale 

Black  shale    ... 

COAL  

Fireclay 

COAL  

Fireclay 

Shale 

Blue  shale       ...         ...         ...       98 

COAL,  little  main  coal-seam      2     2 
Fireclay  ...         ...         ...       4     0 

Blue  sandstone  ...         ...       2     6 

Blue   shale,    with    ironstone 

beds 5     6 

Light-blue  shale        15     5 

Black  sandstone        ...  ...       0     6 

COAL  1     6 

Fireclay  ...         ...         ...       5     0 

White  sandstone       ...         ...       5     0 

Blue  shale       16     0 

COAL,  lickbank  coal-seam  1     6 

Total      393    8 


0 
6 
6 
9 
6 
1 

5  6 
12    0 

9 


♦  The  section  below  this  point  is  that  of  the  Ellen  pit,  Bullgill. 
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Appendix  C. 
14.—  Section  taken  near  the  bridge  over  the  river  Ellen. 


Description  of  Strata 


1 

Blue  shale 

2 

COAL 

3 

Fireclay 

4 

COAL 

5 

Fireclay 

6 

COAL 

7 

Fireclay 

8 

coal" 

9 

Fireclay 

10 

Grey  shale 

11 

Red  shale 

12 

Grey  sandstone 

13 

Red  sandstone 

14  Blue  shale 

Thick- 
ness of 
Strata. 
Ft.   In. 

13  7 

2  9 

0  11 

0  6 


1 
1 
1 
0 
0 

42  8 
0  2 
7  5 
2  3 
0    2 


No.         Description  of  Strata. 

15  Red  sandstone 

16  Light-blue  shale 

17  Red  and  yellow  sandstone 
IS  Blue  shale 

19  Red  and  grey  sandstone 

20  White  sandstone 

21  Blue  shale 

22  Red  sandstone 

23  Yellow  sandstone 
"24  White  sandstone 
25  Red  sandstone 

Total      


Thick- 
ness of 
Strata. 
Ft.  In. 
5   11 

..       0 

3 

..     12 

7 

1 

4 

2 

9 

..       0 

6 

2 

11 

..     11 

9 

..       8 

5 

0 

6 

1 

2 

1-22     7 


15. — Xo.  5  Bore-hole,  Bolton. 


1  Red  shale 

2  Brown  sandstone 

3  Blue  and  brown  shale 

4  Grey  sandstone 

5  COAL  

6  Fireclay 

7  Blue  shale 

8  Black  shale     ... 

9  Sandstone 

10  COAL  

11  Light-coloured  fireclay 

12  Brown  fireclay 

13  Brown  and  grey  shale 

14  Blue  shale 

15  Brown  sandstone 

16  Brown  shale  ... 

17  White  sandstone 
IS  Brown  sandstone 

19  Dark-grey  fireclay    ... 

20  Light-coloured  fireclay 

21  Blue  shale 

22  Grey  shaly  sandstone 

23  Brown  shale   ... 


5 

0 

24 

2 

S 

25 

5 

3 

26 

0 

4 

27 

2 

6 

28 

2 

0 

29 

10 

0 

30 

6 

0 

31 

1 

0 

32 

0 

6 

33 

3 

6 

34 

2 

0 

35 

2 

9 

36 

10 

0 

37 

24 

2 

38 

6 

0 

39 

0 

7 

40 

4 

4 

41 

2 

6 

42 

3 

0 

4 

0 

5 

0 

3 

9 

Light-grey  shale 
Brown  and  grey  shale 
Blue  shale 
Brown  sandstone 
Grey  sandstone 
( }rey  shale 
Brown  shale   .  . 
Blue  and  grey  shale 
Blue  shale 
Light-coloured  shale 
Grey  shaly  sandstone 
Dark-grey  shale 
Light-grey  sandstone 
Dark-grey  shale 
Light-bine  shale 
COAL 

Light-grey  shale 
Brown  sandstone 
Brown  and  grey  sandstone 

Total      


2  5 
9  0 
5  0 
5  5 
U    6 

3  5 
2     6 

0 
0 
4 
7 
2 

8 
0 


9 
6 

S 

3 

■i 

6 
i 

8     6 


186     5 


16. — Xo.  8  Bore-hole,  near   WaverbanJc  Farmhouse. 


1  Red  and  brown  shale 

2  White  and  brown  sandstone 

3  Brown  shale   ... 

4  Dark-coloured     shaly     sand- 

stone 

5  Light-coloured    shaly    sand- 

stone 

6  Brown  and  white  sandstone 

7  Brown  sandstone 

S  Red  and  white  shale 
9  Brown  sandstone 

10  Brown  and  grey  sandstone ... 

11  Brown  and  white  sandstone 

12  Brown  and  grey  shale 

13  Brown  and  white  sandstone 


7 

0 

14 

9 

6 

15 

10 

6 

16 

17 

16 

0 

IS 
19 

10 

0 

20 

27 

0 

21 

10 

0 

22 

2 

0 

23 

3 

9 

24 

11 

0 

25 

8 

0 

26 

2 

0 

27 

2 

0 

28 

Brown  and  grey  sandstone 

Brown  and  white  sandstone 

Brown  and  grey  shale 

Brown  sandstone 

Red  shale 

Brown  and  blue  shale 

Red  shale 

Brown  and  grey  sandstone.. 

White  sandstone 

Brown  sandstone 

Brown  and  white  sandstone 

Brown  shale   ... 

Brown  and  grey  shale 

Brown  shale   ... 

Blue  shale 


.     31 

Q 

e     11 

6 

.     17 

0 

.     17 

0 

1 

0 

6 

0 

1 

0 

.     41 

(1 

6 

6 

.     11 

0 

e       2 

6 

.     16 

0 

.       3 

0 

.     11 

0 

.       2 

0 
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No.  Description  of  Strata. 

29  Brown  and  blue  shale 

30  Black  shale 

31  Dark-coloured  shale 

32  Brown  sandstone 

33  Brown  and  blue  shale 

34  White  sandstone 

35  Brown  and  blue  shale 

36  Blue  shale       

37  White  sandstone 

3S  Blue  shale       

39  COAL  

40  Fireclay 

41  Grey  sandstone 

42  Blue  shale 

43  Grey  sandstone 

44  Blue  shale       

45  COAL  

46  Fireclay  

47  Grey  sandstone 

48  Blue  shale       

49  Dark  shale  and  COAL 

50  Fireclay  

51  Grey  and  brown  sandstone. 

52  Blue  shale 


Thick- 

Thick- 

ness of 

ness  of 

Strata. 

No.          Description  of  Strata. 

Strata. 

Ft,   In. 

Ft.    In. 

18    0 

53  Black  shale     ... 

1     6 

0     6 

54  Fireclay 

3     9 

1     8 

55  Grey  sandstone 

4     0 

2    0 

56  Blue  shale 

0     0 

10    6 

57  COAL            

0     6 

1     0 

58  Fireclay          

4     0 

9    0 

59  Grey  sandstone 

2    0 

6    0 

60  COAL            

0    3 

1     6 

61  Fireclay          

7     0 

3  10 

62  Blue  shale       

10    6 

0    2 

63  White  shale   ... 

16     9 

4     0 

64  COAL            

0     9 

0     9 

65  Dark  shale 

1     9 

4     0 

66  COAI 

0     7 

1     9 

67  Black  shale    ... 

4    8 

10     4 

6S  COAL            

0     1 

0    8 

69  Fireclay          

1     0 

0     6 

70  Light-blue  shale        

5    0 

2    0 

71  Black  shale 

4     0 

1  0 
0    3 

2  0 

72  Brown  and  grey  sandstone . . . 

18    0 

Total,  but  the  base  was 

12    6 

not  reached  ... 

491     2 

8  11 

The  rneetins;  then  closed. 
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THE   NORTH  OF  .  ENGLAND   INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

field  in  the  wood  memorial  hall,  newcastle-upon-tyne, 

December  14th,  1895. 


Mr.  THOMAS  DOUGLAS,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  on  November  30th  and  that 
day. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Members— 
Mr.  John  VV.  Ainsworth,  Mine  Surveyor,  Bridgewater  Trustees  Collieries, 

Walkdeo,  Bolton,  Lancashire. 
Mr.  George  F.  Beardsley,  Chief  Assay er,  The  Mount  Lyell  Mining  and 

Railway  Company,  Limited,  Mine  Office,  Mount  Lyell,  Tasmania. 
Mr.  Louis  P.  Bowler,  Mining  Engineer,  P.O.  Box  105,  Barberton,  South 

Africa. 
Mr.  Andrew  White  Crookston,  Mining  Engineer  and  Owner  of  Phosphate 

Mines  in  Algeria,  19,  Wellington  Street,  Glasgow. 
Mr.    John  Daw,   Jun. ,    Mine   Owner,   Mine  Manager,   and  Mining,  Civil, 

and    Metallurgical    Engineer,    Brooklands,    Rosemont   Road,    Acton, 

London,  W. 
Mr.  Walter  Fletcher,  Mining  Engineer,  Ladyshore  Colliery,  Little  Lever, 

Bolton,  Lancashire. 
Mr.  John  Daniel  Frossard,  Mining  and  Consulting  Engineer,  5,  Courtenay 

Road,  Waterloo,  Liverpool. 
Mr.  Henry  Lipson  Hancock,  Engineer,  Moonta  Mines,  South  Australia. 
Mr.  J.  P.  K.  Miller,  Chief  Engineer,  H.  C.  Frick  Coke  Company,  Scott- 
dale,  Pennsylvania,  U.S.A. 
Mr.   Cornelius  McLeod  Percy,   Mining  and  Mechanical   Engineer,   King 

Street,  Wigan. 
Mr.  Arthur  Pernolet,  Ingenieur  Civil  des  Mines,  87,  Rue  Lafayette,  Paris, 

France. 
Mr.  James  Roberts,  Jun.,  Mining  Engineer,  Perranporth,  R.S.O.,  Cornwall. 
Mr.   F.   Bowes  Scott,   Mining  Engineer,  Coolgardie  Chambers,  Coolgardie, 

Western  Australia. 
Mr.    Frank  Simon,  Underground  Manager,  The  Great  Eastern  Collieries, 

Limited,  Springs,  S.A.R. 
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Associate  Members — 
Mr.  George  Hekley,  34,  Oxford  Street,  Sheffield. 
Colonel  Lawrence  Heywortii,  Ormsby  Hall,  Alford,  Lincolnshire. 
Mr.  Thomas  Aloysius  O'Donahue,  35,  Princess  Street,  Wigan. 
Mr.    John    W.    Plummer,   Delamar   Mining  Company,  Limited,    Delamar, 

Owyhee  County,  Idaho,  U.S.A. 
Mr.  John  Howard  Taylor,  Coolgardie,  Western  Australia. 

Students — 
Mr.    Thomas   V.    Simpson,    Mining    Student,    Heworth    Colliery,    Felling, 

R.S.O.,  Co.  Durham. 
Mr.  Stephen  Southern,  Mining  Student,  Heworth  Colliery,  Felling,  R  S.O., 

Co.  Durham. 


DISCUSSION  ON  MR.  F.  G.  MEACHEM'S  PAPER  ON 
"POISONING   OF    HORSES    BY   LATHY RUS  SATIVUS."* 

Mr.  J.  P.  Kirkup  wrote  that  a  magnified  illustration  of  the 
Lathyrus  sativus  would  facilitate  its  identification  in  any  sample  of 
imported  equine  food  grains  ;  and  it  would  relieve  the  minds  of  those 
who,  induced  by  motives  of  economy,  feed  their  mining  studs  on  cheap 
foreign  grains.  He  (Mr.  Kirkup)  would  not  condemn  indiscriminately 
all  imported  grains,  but  no  doubt  unscrupulous  dealers  would  not  hesi- 
tate to  ship  stuff  which  was  unsaleable  where  grown  owing  to  its 
contamination,  in  the  expectation  that  it  would  be  sold  in  countries 
unfamiliar  with  the  deleterious  constituents.  During  his  (Mr.  Kirkup's) 
residence  in  India,  he  did  not  meet  with  any  case  of  Lathyrus--po\sonmg, 
although  he  fed  his  own  horses  with  the  native  food  grains,  gram  and 
kvlthee,  the  former  a  species  of  pea  and  the  latter  a  vetch.  From  what 
Mr.  Meachem  reports  one  would  have  been  led  to  expect  the  latter  grain 
to  afford  a  medium  of  conveying  the  poisonous  one.  Kidthee,  owing  to 
its  extremely  tough  skin,  requires  to  be  steeped  in  water  for  a  considerable 
time,  or  partially  cooked  by  boiling,  otherwise  it  would  be  bolted  whole 
and  set  up  symptoms  of  indigestion.  Gram  is  without  doubt  a 
splendid  grain  for  horses,  and  if  imported  into  this  country  would  afford 
a  cheap  and  work -supporting  food.  He  (Mr.  Kirkup)  would  add  with 
reference  to  Mr.  Meachem's  paper  on  "  Horse-feed  "  f  that  the  tables 
afforded  an  illustration  of  vagaries  in  the  feeding  of  pit-horses.  Some  of 
them  might  be  improved  under  the  influence  of  a  visit  from  the  Society 
for  the  Prevention  of  Cruelty  to  Animals.  Mr.  Meachem's  model  feed 
almost  coincides  with  the  regulation  allowance  in  cavalry  stables.     He 

*  Trans.  Fed.  Inst.,  vol.  x.,page  183.  j  Ibid.,  page  188. 
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objected  to  the  daily  use  of  bran,  and  had  with  advantage  confined  its 
use  solely  to  the  administration  of  a  mash  at  the  end  of  the  week  to  each 
animal.  Fie  could  recommend  Lieut.-General  Sir  F.  Fitzwygram's  book 
on  Horses  and  Stables  as  a  guide  to  colliery  managers  in  the  care  of 
horses  and  ponies. 

Mr.  Clement  Stephenson  (Newcastle-upon-Tyne)  wrote  that  Mr. 
Meachem's  paper  fully  covered  what  was  known  upon  the  subject.  He 
might,  however,  direct  attention  to  the  following  sentence  : — "  It  is  very 
doubtful  if  a  horse,  once  affected,  ever  regains  health."*  This  statement 
agrees  with  the  general  opinion  upon  the  subject ;  and  Mr.  Smith,  in  his 
Veterinary  Hygiene,  second  edition,  page  157,  states  that  "both  animals 
and  man  are  affected  by  it,  and  the  disease  is  incurable."  In  1894,  he 
(Mr.  Stephenson)  had  the  opportunity  of  examining  several  horses  in 
this  district  that  were  suffering  from  Lathyrus-pohon'mg — some  died,  and 
others  could  only  be  kept  at  work  by  the  aid  of  tracheotomy-tubes.  Mr. 
William  Hunter,  the  veterinary  surgeon  in  attendance,  stated  recently 
that  the  horses  affected  had  all  recovered.  He  (Mr.  Stephenson)  thought 
that  it  should  be  known  that  cases  do  recover,  but  as  the  poison  is  a 
cumulative  one  the  recovery  is  necessarily  a  slow  process. 

Mr.  W.  Hunter  (Newcastle-upon-Tyne)  wrote  that  he  found,  on 
making  particular  enquiries  concerning  the  horses  which  suffered  from 
Lathyrus  .sr/Z/r^s-poisoning,  that  they  had  not  entirely  recovered  from  its 
effects  as  he  expected.  They  had  greatly  improved  in  their  breathing, 
and  work  daily  without  distress.  The  tracheotomy-tubes  were  removed 
some  months  ago. 

Mr.  Hunting  said  that  Mr.  Meachem  appeared  to  have  stated  all 
that  was  generally  known  about  Z>//7??/n/.s-poisomng.  He  had  used  the 
pea  or  vetch,  Lathyrus  sativus,  for  the  last  twelve  years,  and  never  saw 
any  injurious  effects  from  its  use.  It  was  an  exceedingly  rich  food, 
and  had  a  marvellous  effect  on  the  nervous  system  of  animals,  both 
on  men  and  horses.  It  should  be  given  in  small  quantities  (about  £  peck 
to  a  sack  each  of  maize,  beans,  and  oats),  or  one  pa-t  of  corn  provender  to  48 
parts  of  the  three  just  mentioned,  and  as  hay  is  mixed  with  the 
48  parts,  in  the  ratio  of  1  stone  of  hay  to  2  stones  of  corn,  the  quantity 
used  per  day  is  very  small.  He  had  used  50  quarters  last  year  for  feeding 
horses  at  South  Hetton  and  Murton  collieries,  and  50  quarters  for  cattle, 
sheep,  and  horses,  on  the  farms,  without  any  objectionable  symptom  being 
seen.      He   had    supplied   350    quarters   to   more   than   2,000    animals 

*  Trans.  Fed.  In.st.,  vol.  x.,  page  186. 
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in  1894,  and  he  had  never  seen  a  single  symptom  of  poisoning. 
If,  therefore,  Lathyrus  sativus  was  so  poisonous,  it  must  be  on  account 
of  its  cumulative  properties  in  the  system  and  the  very  large  quantities 
that  were  given.  This  pea  might  act  in  exactly  the  same  manner  as 
opium  did  on  human  beings  ;  a  single  grain  would  be  quite  enough  for 
those  who  were  not  used  to  it,  but  there  were  men  who  could  take 
2  drams  a  day.  He  (Mr.  Hunting)  did  not  use  more  than  |  pound  of 
Lathyrus  sativus  per  head  per  day,  about  the  same  proportion  as  he 
would  use  of  English  or  Dutch  tares,  as  they  were  very  astringent. 

Cavalry  veterinary  surgeons  in  India  were  well  acquainted  with  the 
paralytic  effects  of  Lathyrus  sativus  on  the  muscles  of  the  larynx  of 
horses.  As  far  as  he  could  learn,  this  poisonous  pea  was  not  cultivated 
separately,  but  was  found  mixed  with  gram,  which  constitutes  95  per 
cent,  of  the  corn-food  of  horses  in  that  country.  We  often  find  tares 
mixed  with  field-peas  in  England  or  with  oats  in  Germany,  and  in  the 
same  way,  as  the  result  of  negligence  on  the  part  of  the  sower,  Lathyrus 
sativus  is  found  mixed  with  gram ;  but  unless  sown  in  large  quantities, 
he  doubted  whether  it  would  ever  be  found  injurious  to  horses  or  cattle. 
So  far  as  he  could  ascertain  from  officers  in  the  Indian  army,  the  effects 
were  only  seen  in  special  localities ;  thus  Colonel  Arthur,  who  was  in 
India  very  many  years,  and  who  kept  five  or  six  horses,  never  saw  the 
disease,  although  all  his  horses  were  fed  for  years  only  on  gram  and 
grass  ;  and  Captain  T.  P.  Gudgin,  who  was  ten  years  in  India,  never  saw 
the  disease,  although  all  the  cavalry  horses  only  had  gram  and  grass  for 
provender  ;  oats  or  hay  were  never  used  as  a  general  food  for  the  cavalry 
horses  of  the  Indian  army.  The  dog-toothed  pea,  or  muttra,  was  a 
very  different  grain  to  gram,  and  was  not  grown  in  any  large  area  for 
the  purposes  of  sale,  but  it  was  much  used  among  the  poor  in  India. 
Lathyrus  sativus  is  generally  known  in  England  as  the  "  square  -headed" 
or  "  dog-tooth"  pea,  because  it  is  flat-sided,  and  not  round  like  a  European 
or  Canadian  pea.  It  is  grown  in  India,  Persia,  Spain,  and  Southern 
Russia,  and  varies  in  colour  from  a  fawn  to  a  dark  brown,  and  the  size 
varies  as  much  as  the  colour,  some  being  as  small  as  the  smallest  Indian 
tare,  or  gram*  which  is  less  than  half  the  size  of  the  Spanish  or  Morocco 
gram. 

*  Mr.  Hunting  exhibited  samples  of  Lathyrus  sativus  as  used  by  the  Bristol 
Tramways  Company  and  at  a  colliery  in  Northumberland,  together  with  a  sample 
that  he  had  purchased  in  the  market  at  Biskra,  in  the  Algerian  Sahara,  where  he 
saw  many  people  eating  them  from  their  pockets ;  he  was  told  that  a  man  could 
perform  long  journeys  with  no  other  food  than  a  handful  of  these  raw  peas  and 
a  few  dates. 
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The  worst  outbreaks  of  disease,  the  result  of  eating  these  peas,  occurred 
in  Liverpool  in  1885,  and  in  Bristol  in  August,  1894.  Many  horses 
suffered  in  Newcastle  last  year  from  eating  them,  because  the  owners 
of  the  horses  gave  ten  times  as  much  in  each  day  as  he  (Mr.  Hunting) 
had  done. 

At  one  colliery  in  Northumberland,  where  his  (Mr.  Hunting's)  opinion 
had  been  asked,  in  August,  1894,  the  following  mixture  was  supplied  to 
the  horses  : — Square-headed  peas,  42  parts  ;  maize,  38  parts  ;  and  oats,  20 
parts.  In  one  week  the  horses  and  ponies  were  falling,  stumbling,  and 
gasping  all  over  the  pit,  and  5  died  (the  owner  had  been  told  not  to  give 
more  than  a  tithe  of  the  quantity  used  in  the  feed,  but  he  persisted  in 
giving  it).  As  soon  as  the  stud  was  seen  by  the  veterinary  surgeon,  the 
supply  of  peas  was  instantly  stopped,  and  after  an  interval  of  a  week  or 
ten  days  he  was  told  that  no  evil  symptoms  were  seen.  He  (Mr.  Hunting) 
told  the  veterinary  surgeon  that  the  quantities  used  were  excessive,  and  he 
replied  that  "  beans  were  extremely  valuable  for  horses,  and  he  could  not 
see  the  difference  between  using  42  and  22  per  cent."  He  had  been 
consulted  in  two  cases  of  poisoning  in  regard  to  a  cargo  of  Lathyrus 
sativus,  a  portion  of  which  he  had  used.  One  was  with  the  horses 
belonging  to  Messrs.  Leatham,  of  Liverpool,  and  out  of  200  or  300 
horses  5  or  6  died,  but  the  great  majority  got  well ;  and  the  second 
occurred  at  Bristol  in  1894,  where,  out  of  800  horses,  28  died,  and  only 
123  were  ill. 

In  using  tares  in  this  country,  no  one  would  supply  to  horses  more 
than  about  \  lb.  per  day,  mixed  with  from  60  to  90  lbs.  of  other  food ; 
but  of  this  particular  pea  as  much  as  4.  to  5  lbs.  were  used  per  day.  or 
as  much  as  they  would  have  used  of  English  beans.  It  is  very  peculiar 
that  the  parts  of  the  body  in  a  man  mostly  affected  by  eating  this  pea 
should  be  the  lower  extremities,  while  it  is  the  laryngeal  or  top  of  the 
windpipe  that  is  most  affected  in  horses. 

There  is  no  doubt  whatever  that  Lathyrus  sativus  is  poisonous  to 
most  animals  if  used  in  large  quantities  of  4  to  6  lbs.  per  day,  but  it  is 
not  injurious  if  used  in  quantities  of  \  lb.  per  day  mixed  with  other 
foods.  An  enormous  danger  may  occur  if  manufacturers  crush  this 
pea  into  meal  and  mix  it  with  other  feeding  stuffs,  such  as  meal  and 
cakes,  for  cattle  and  sheep,  and  if  corn  merchants  crush  and  mix  it  with 
other  horse-corn,  this  might  even  be  done  in  ignorance  and  without  any 
evil  intention,  but  the  results  would  be  very  serious  to  horse  and  stock 
owners. 
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There  were  several  discrepancies  in  Mr.  Meachem's  paper  which  he 
might  be  able  to  explain.  Thus,  in  the  last  clause  of  his  paper,  he  says, 
"it  is  very  doubtful  if  a  horse  once  affected  ever  regains  health;"* 
again,  iu  the  third  clause  on  the  same  page,  it  is  stated  that  "  35  became 
ill  .  .  .  and  14  recovered."  Further,  he  states  that  "  all  the  deaths 
have  occurred  to  horses  working  in  the  mine  ;  those  working  on  the 
surface  are  all  well,  although  fed  on  exactly  the  same  diet."f  He  (Mr. 
Hunting)  would  like  Mr.  Meachem  to  confirm  this  statement,  as  at  most 
of  the  collieries  with  which  he  was  connected  the  food  for  the  horses 
working  on  the  surface  is  mixed  separately  from  that  sent  into  the  pit, 
and  if  so  the  Lathyrus  sativus  might  have  been  accidentally  left 
out  of  the  food  sent  to  the  surface-animals  at  Hamstead  colliery. 
All  the  evidence  in  the  hands  of  the  members  was  against  the 
statement  made  by  Mr.  Meachem  that  the  horses  would  not  recover. 
Only  28  of  the  horses  at  Bristol  died  out  of  800. 

Prof.  W.  Williams  (New  Veterinary  College,  Edinburgh)  wrote  with 
regard  to  Mr.  Hunting's  statement  that  he  "  did  not  use  more  than  \  lb. 
of  Lathyrus  sativus  per  head  per  day,  about  the  same  proportion  as  he 
would  use  of  English  or  Dutch  tares,  as  they  were  very  astringent."  A 
^  lb.  per  day  was,  in  his  (Prof.  "Williams)  opinion,  a  very  small  one  and 
scarcely  worth  the  trouble  of  mixing  with  other  food,  and  if  the  mixing 
be  not  carefully  performed  there  was  every  possibility  that  one  horse 
might  consume  a  great  deal  more  than  another  ;  and  if  it  be  remembered 
that  2  lbs.  per  day  continued  for  six  weeks  will  induce  the  disease,  it 
must  be  acknowledged  that  to  use  them  at  all  is  to  create  a  risk  of 
causing  the  disease  at  some  time  or  another.  If,  however,  it  be  con- 
sidered true  economy  to  save  a  few  pounds  sterling — and  he  did  not  know 
the  difference  in  the  value  of  a  quarter  of  these  vetchlings,  not  peas,  and 
a  quarter  of  oats— it  cannot  be  much.  Of  course  he  had  nothing  further 
to  say,  but  simply  to  point  out  that  when  given  in  the  reasonable 
quantity  of  2  lbs.  per  day  to  a  horse,  disease — often  suddenly  fatal,  and 
seldom  curable — is  thus  induced.  Of  course  he  (Prof.  Williams)  only 
spoke  of  the  two  kinds  which  had  come  under  his  immediate  observation, 
namely,  the  small  dark  coloured  seed  khesari  jndse,  latri,  malar  or  Indian 
mutters,  sent  here  as  ballast  from  India  ;  and  the  larger  white  variety, 
.  the  dog-tooth  vetch  Lathyrus  sativus,  weisse,  called  Russian  peas  by 
some  dealers,  sent  here  from  the  Baltic  ports.  Both  of  these  kinds  are 
equally   poisonous  ;    certainly   very   nutritious,   and   according   to   our 

*  Trans.  Fid.  Inst.,  vol.  x..  page  186.  j  Ibid.,  page  184. 
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present  experience  rendered  innocuous  by  boiling  into  a  pulp.  The 
poisonous  principle,  supposed  to  be  a  volatile  alkaloid,  is  driven  off  by 
boiling,  and  rendered  harmless  to  the  human  being  by  being  made  into 
thin  well-baked  cakes. 

Mr.  F.  G.  Meachem,  replying  to  the  discussion,  wrote  that  the  benefit 
derived  from  using  Lathyrus  sativus  as  food  for  horses  is,  to  say  the  least, 
a  very  doubtful  one.  In  point  of  economy,  the  small  quantity  which 
Mr.  Hunting  says  it  is  safe  to  use,  effects  no  saving  in  the  cost  of  food, 
and  when  the  great  risk  is  considered  it  resolves  itself  into  playing  with 
very  dangerous  material.  The  fact  of  its  being  used  with  safety  in  the 
feeding  of  cattle  is  no  criterion,  for  cattle  are  not  worked  as  horses  are  ; 
quick  fattening  is  the  result  aimed  at  in  their  case,  but  with  a  horse  it  is 
good  work  and  length  of  service.  A  dealer  in  food-stuffs  ground  some 
foreign  peas  containing  Lathyrus  sativus  for  sale,  but  being  informed  by 
the  writer  of  the  dangerous  nature  of  the  vetch,  he  at  once  ceased  to 
sell  it,  his  trade  for  this  meal  at  once  fell  off,  and  his  customers  asked 
specially  for  the  food  that  he  had  previously  supplied  to  them.  The 
object  of  his  (Mr.  Meachem's)  paper  was  to  point  out  the  dangerous 
nature  of  the  vetch  in  imported  foods  which  may  be  given  unwittingly 
to  horses.  In  the  Hamstead  case  it  was  not  known  that  the  vetch 
(Lathyrus  sativus)  was  present,  and  if  it  had,  it  would  not  have  been 
suspected  as  poisonous.  The  sequel  having  proved  it  to  be  deleterious, 
he  (Mr.  Meachem)  thought  it  desirable  to  issue  a  note  of  warning  to 
users.  He  thought  it  lay  with  Mr.  Huntiug  to  show  that  some  substan- 
tial advantages  followed  from  the  use  of  Lathyrus  sativus,  viz.,  more 
work  and  better  health  in  the  horses  so  fed,  as  compared  with  horses  who 
are  not  fed  upon  it.  He  contended  that  Mr.  Hunting  could  not  prove 
any  advantage  ;  and  while  he  admitted  that  the  risk  was  great  he  did  not 
refer  to  any  commensurate  advantages. 

He  would  also  direct  the  attention  of  members  to  a  case  tried  at  the 
Worcester  assizes  (Green  versus  Eagles)*  in  which  it  was  shown  that  this 
vetch  was  in  the  food,  causing  injury  to  cattle ;  and  the  plaintiff  was 
awarded  £125  10s.  A  well-known  farmer  in  the  Birmingham  district, 
owing  to  the  high  price  of  hay  and  corn  throughout  the  previous  dry 
summer,  was  induced  to  try  foreign  peas  as  food ;  his  horses  were  forced 
to  eat  it  and  after  a  time  they  fell  ill,  and  the  animals  died,  the  symptoms 
being  similar  to  what  the  writer  had  described  in  the  case  of  the  horses 
at  Hamstead  colliery.  Recently  a  similar  case  had  been  decided  against 
a  corn  merchant  who  had  supplied  food  containing  this  vetch. 

*  Times,  February  16th,  1895,  page  4,  column  2. 
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"With  regard  to  the  alleged  discrepancies  in  his  (Mr.  Meachem's)  paper, 
he  simply  stated  his  personal  experience,  to  which  he  still  adhered  in  the 
last  clause  ;  and  for  that  in  the  third  clause,  he  must  refer  Mr.  Hunting 
to  the  Veterinary  Journal  of  January,  1895. 

With  regard  to  the  quantity  of  this  vetch  {Lathyrus  sativus)  used  in 
the  horse-food  at  Hamstead  colliery,  he  thought  it  contained  about 
10  per  cent.  In  conclusion,  he  maintained  that  all  cases  coming  under 
his  notice  showed  that  : — 

(1)  There  are  several  varieties  of  the  vetch,  some  more  virulent  than 

others  in  their  effect  ; 

(2)  The  poison  is  cumulative  ; 

(3)  Horses  do  not  afterward  regain  health  ;  and 

(4)  There  is  no  economy  in  the  use  of  Lathyrus  sativus  in  the  feeding 

of  horses. 

Mr.  J.  H.  Merivale  said  that  Mr.  Hunting  had  explained  in  a  very 
satisfactory  way  how  the  horses  in  a  Northumberland  colliery  were 
poisoned,  viz.,  that  if  a  large  percentage  of  strange  food  were  given  it 
would  naturally  not  agree.  Perhaps  Mr.  Meachem  would  tell  them  the 
proportion  given  to  the  horses  in  the  case  described  in  his  paper.  Had 
Mr.  Hunting  any  experience  in  using  moss-litter  in  colliery  stables  ? 

Mr.  Hunting  said  that  he  used  moss-litter  for  at  least  6,000  colliery 
horses  and  ponies.  About  twenty  or  thirty  years  ago,  the  effluvia  met 
with  on  going  into  underground  stables  was  very  objectionable,  whereas, 
now  they  could  go  into  a  stable  and  scarcely  know  that  it  was  a  stable 
until  they  saw  the  horses.  Moss-litter  was  an  excellent  absorber  of  urine, 
and  if  the  colliery  worked  a  farm,  the  salts  of  the  urine  from  400  to  500 
horses  would  be  very  valuable,  and  wTould  fully  repay  the  cost  of  the  moss- 
litter.  It  was  also  invaluable  for  saving  the  horses  from  knocks  and 
bruises,  and  as  straw  was  not  allowed  for  bedding  in  mines,  he  did  not  know 
where  they  would  find  anything  so  advantageous  as  moss-litter.  There 
was  not  a  single  objection  to  its  use,  either  as  affecting  the  horses'  feet, 
or  with  reference  to  the  spread  of  infectious  diseases,  such  as  influenza. 
He  was  only  aware  of  one  colliery  where  straw  was  allowed  for  bedding 
the  horses  in  underground  stables,  owing  to  the  risk  of  fire. 

He  ought,  perhaps,  to  explain  that  moss-litter  is  not  used  in  all  the  stalls 
underground  in  all  pits,  but  only  in  the  worst  stalls  where  stagnant  urine 
is  seen ;  but  it  is  used  in  every  loose  box,  2  to  4  inches  thick,  with  marked 
advantage,  in  preventing  injury  to  the  eyes  and  heads,  when  horses  are 
very  violent  in  spasmodic  colic,  and  especially  in  preventing  ruptured 
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stomach,  mid-riff,  or  large  intestine,  often  produced  by  the  animal  throw- 
ing himself  violently  on  the  bare  ground  in  acute  c.tses  of  colic.  In  such 
cases  it  is  invaluable  in  saving  the  life  of  the  animal,  because  eight  out 
of  every  ten  cases  of  rupture  of  the  abdominal  organs  are  produced  by 
violent  concussion  on  the  ground,  or  by  falling  on  a  rail  or  prop  on  the 
ground.  This  simple  preventive  is  of  much  more  importance  than 
appears  at  first  sight  ;  thus  in  looking  back  for  twenty  years  into  "  case- 
books" of  over  1,000  pit  animals  he  found  that  now  only  1  per  cent,  of 
colic  cases  were  fatal  ;  whereas  in  1850  to  1860  more  than  30  per  cent, 
were  fatal.  No  doubt,  improved  systems  of  feeding  have  much  to  do 
with  preventing  colic,  but  he  was  not  speaking  of  the  number  of  cases 
but  of  the  percentage  of  fatal  cases,  now  and  then.  The  fatal  cases  are 
now  only  as  1  to  30  ;  but  the  number  of  cases  now  are  as  only  1  to  300 
in  1850  to  1860. 


Mr.  John  Jameson  read  the  following  paper  on  "  Recovery  of  Bye- 
products  in  the  Manufacture  of  Hard  Coke":  — 
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RECOVERY  OF  BYE-PRODUCTS  IN  THE  MANUFACTURE 
OF  HARD  COKE. 


By  JOHN  JAMESON. 


The  writer  having  been  invited  by  the  Council  to  be  present  at  the 
reading  of,  and  to  take  part  in  the  discussion  on,  two  papers  on  the 
recovery  of  bye-products  produced  in  the  manufacture  of  coke  in  close 
coke-ovens,  thought  it  right  to  decline  on  the  ground  of  incompetence  to 
afford  any  useful  information  on  processes  as  to  which  he  had  no  personal 
experience  and  only  imperfect  information.  He,  however,  offered  instead, 
if  it  would  be  acceptable,  to  contribute  a  paper  on  his  own  process  of 
recovery  of  bye-products  in  open  coke-ovens,  as  to  which  he  had  a  very 
costly  experience  and  information  acquired  in  circumstances  of  deep 
personal  interest.  He  may  remark,  as  a  fact  preliminary  to  the  other 
facts  which  he  proposes  to  lay  before  the  members,  that  he  has  now  no 
pecuniary  interest  whatever  in  the  process  he  is  to  describe,  and  no  hope 
of  furthering  the  interests  of  others  who  were  associated  with  him  in  it. 
The  company  which  was  formed  to  work  the  patents  is  in  liquidation, 
and  the  patents  have  lapsed.  The  writer  believes,  however,  that  this 
method  of  recovery  of  bye-products  in  open  ovens,  unless  displaced  by 
some  more  effectual  one,  will  certainly,  in  the  course  of  time,  come  into 
extensive  use. 

The  writer  began  business  in  a  chemical  works  in  London,  where  a 
process  very  similar  to  that  now  so  successfully  carried  on  by  Messrs. 
B runner,  Mond,  &  Co.  was  in  operation.  The  ammonia-liquor  of  gas- 
works was  distilled  to  increase  its  strength,  the  distillate  was  mixed  with 
salt,  carbonic  acid  was  supplied  from  a  covered  lime-kiln,  and  in  that 
way  about  4  tons  of  alkali  was  manufactured  per  week  (test  48),  and 
about  3  J  tons  of  muriate  of  ammonia.  The  difficulty  at  the  time,  how- 
ever, was  to  obtain  a  sufficient  supply  of  gas-water,  and  to  work  the 
process  as  a  secret. 

That  ammonia-soda  process  (as  is  well  known)  was  a  modification 
of  one  previously  worked  by  Messrs.  Dyer  &  Hemming.  But  as  that 
original  process  involved  the  recovery  of  the  caustic  ammonia  (as  the 
Solvay  process  does)  and  the  supply  of  any  loss  of  that  extremely  volatile 
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material  from  costly  ammoniacal  salts,  Messrs.  Dyer  &  Hemming's  manu- 
facturing operations  were  abandoned,  after  very  large  sums  had  been 
spent  upon  it.  It  is  now  improved  into  the  process  used  by  Messrs. 
Brunner,  Mond,  &  Co. 

In  the  difficulty  as  to  supply  of  ammonia,  the  writer  thought  of  the 
possibility  of  obtaining  a  supply  by  suction  during  the  process  of  coke- 
making,  and  made  a  successful  experiment  with  a  small  coke-oven 
built  for  the  purpose  and  holding  about  1  ton  of  coal.  Circumstances, 
however,  which  have  no  interest  in  this  history,  prevented  any  further 
result  at  the  time,  and  the  idea  of  recovery  from  coke-ovens  in  the  way 
subsequently  patented  by  the  writer  remained  in  abeyance. 

About  fourteen  years  ago,  however,  the  idea  was  experimented  upon  at 
the  Felling  chemical  works,  where  there  were  some  coke-ovens  available. 
Exceedingly  good,  and  even  surprising  results  were  obtained,  and  the 
invention  being  patented,  and  the  results  made  known,  coals  were  sent 
from  all  parts  of  the  country  to  Felling  to  be  tried  for  yield,  and  many 
very  remarkable  recoveries  of  products  were  obtained  in  over  200  different 
experiments.  Many  of  the  people  who  sent  specimens  of  coal  sent  their 
representatives  to  watch  the  process  in  operation,  and  personally  to 
verify  the  results. 

After  a  little  time  the  process  was  adopted  by  some  of  the  most  im- 
portant firms  in  the  kingdom,  amongst  whom  may  be  mentioned  Messrs. 
Bell  Brothers,  the  "Weardale  Iron  and  Coal  Co.,  and  Messrs.  John  Brown 
&  Co.,  of  Sheffield,  and  in  regard  to  the  experience  of  the  two  first-named, 
the  author  may  mention  that  after  the  conversion  of  ten  coke-ovens,  and 
working  them  for  some  time,  these  firms  were  so  satisfied  with  the  results 
obtained  in  their  own  experience  at  their  own  works,  that  they  each  made 
a  further  conversion  of  twenty  more*  coke-ovens,  and  at  the  Weardale  Iron 
Co.'s  works  adapted  the  suction  and  condensing-plant  for  150  ovens.  The 
recovery  of  products  was  even  greater  than  the  recovery  from  the  same 
coal  at  Felling.  The  quantity  of  coke  produced  was  found  to  be  in  no 
way  diminished,  and  the  percentage  of  residual  sulphur  was  reduced. 

Sir  LowTthian  Bell  made  experiments  on  the  quality  of  the  coke, 
to  see  if  any  injury  had  been  done  to  it  for  metallurgic  purposes  by  the 
extraction  of  the  products,  and  he  found  by  continuous  trials  of  this  coke 
(by  itself  alone)  in  the  blast-furnace,  that  it  was  in  every  respect  fully 
equal  to  coke  made  in  the  ordinary  way  without  any  recovery  of  products. 
So  far  as  the  appearance  of  the  coke  went,  the  writer  may  mention 
that  one  large  manufacturer  of  high  class  coke  wished  to  have  the  opinion 
of  an  expert  on  that  point,  as  to  the  manufacture  at  the  "Weardale  Iron 
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Co.'s  coke-ovens,  and  in  order  to  free  his  opinion  from  prejudice,  the 
writer  arranged  beforehand  that  the  coke  from  the  converted  oven  should 
be  placed  opposite  an  ordinary  oven,  drawn  on  the  same  day,  and  that  the 
coke  of  that  ordinary  oven  should  be  placed  in  front  of  the  converted 
oven.  And  being  misled  by  this  modified  position,  the  expert  gave  his 
decided  opinion  that  what  he  thought  was  the  Jameson  coke  was  not 
equal  to  what  was  really  Jameson  coke.  And  having  had  the  heaps 
turned  over,  he  pointed  to  numerous  specimens  showing  the  inferiority 
he  complained  of.  The  writer  believes  that  unconscious  prejudice  pro- 
duced the  unfavourable  opinion  which  he  expressed,  and  that  really  there 
was  no  discoverable  difference. 

The  writer  read  a  paper  before  the  members  of  the  Iron  and  Steel 
Institute  at  Middlesborough,*  giving  some  particulars  of  the  results 
obtaiued  at  the  Felling  chemical  works,  estimated  to  average  in  different 
varieties  of  coal,  8  gallons  of  oil,  ammonia  equivalent  to  10  lbs.  of  sul- 
phate, and  12,000  cubic  feet  of  burning  gasper  ton  of  coal  coked,  and  he 
quoted  also  the  results  obtained  by  the  Weardale  Iron  Co.,  and  by 
Messrs.  Bell  Brothers.  In  a  little  time  after  that  meeting,  the  writer 
was  informed  that  it  was  the  intention  of  Messrs.  Bell  Brothers  to 
convert  another  100  coke-ovens,  that  the  partners  thought  the  paper 
referred  to  had  not  done  full  justice  to  the  process,  and  that  they 
proposed,  at  a  later  time,  to  supplement  the  author's  paper  by  a  paper 
on  their  own  experience  of  it. 

It  will  be  observed  that  all  that  the  author  has  so  far  written  is  in 
direct  commendation  of  the  Jameson  process.  He  has  now  to  turn  in  its 
history  to  the  period  of  its  apparently  signal  failure. 

After  a  lengthened  time  of  continuous  working  with  ovens  as  at  first 
converted,  it  was  found  that  the  gas  became  explosive,  and  at  a  later  time 
it  became  unburnable,  and  the  yield  of  bye-products  fell  off  by  degrees  in 
corresponding  proportion.  At  the  first  installation  of  10  coke-ovens  at 
the  Weardale  Iron  Co/s  works,  the  gas  extracted  used  to  be  burned  con- 
tinuously at  the  top  of  a  stand-pipe  (as  had  been  done  at  Felling  under  a 
boiler),  and  while  obtaining  a  regular  yield  of  4  to  5  gallons  of  oil  per 
ton  of  coal,  continuous  sparkles  of  oil  could  be  seen,  in  bright  daylight,  in 
the  blue  flame  of  the  gas,  indicating  that  by  more  perfect  scrubbing 
arrangements  a  still  larger  yield  might  have  been  obtained.  The  suction 
applied  was  equivalent  to  from  2  to  3  inches  of  water,  but  it  was  some- 
times ran  at  a  higher  suction,  and  the  working  was  practically  uniform 
and  continuous  for  several  months.  The  author  admits  that  he,  and  those 
*  Proceedings,  1883,  vol.  ii.,  page  504. 
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associated  with  him,  ought  not  to  have  been  unable  to  account  for  the 
change  he  has  described,  but  for  some  length  of  time  what  he  believes 
to  be  the  true  cause  was  not  thought  of.  And  very  many  experiments 
of  different  kinds  were  tried  without  any  beneficial  result. 

The  coke-ovens  were  originally  converted  by  building  in  the  inside  a 
pan  of  brickwork  below  the  floor,  the  bricks  being  set  in  a  mixture  of  fire- 
clay and  tar,  making  a  kind  of  asphalte,  which  when  fresh  laid  was 
practically  quite  impervious  to  air.  We  found  afterwards  that  this  was  a 
serious  mistake.  After  a  few  months  of  working  the  heat  of  the  ovens  so 
dried  up  the  tar  as  to  make  the  pans  which  had  at  first  been  nearly  air- 
tight, quite  loose  and  porous,  and  entirely  altered  the  conditions.  While 
the  pan  was  air-tight,  the  gas  withdrawn  from  the  coke-oven  came  from  the 
charge  of  coal  in  the  oven,  and  it  was  a  good  burning  but  not  illuminating 
gas.  When  the  pan  became  more  and  more  pervious  to  air,  so  much  air 
was  drawn  in  as  to  make  the  gas  explosive.  When  the  process  of  disin- 
tegration of  the  materials  of  the  pan  had  gone  further,  a  larger  dilution 
of  the  gas  made  it  non-explosive  and  unburnable.  The  suction  took,  of 
course,  what  came  to  it  most  easily. 

In  the  experiments  at  Felling,  in  order  to  ascertain  what  was  being 
drawn  from  a  coke-oven,  a  large  gas-meter  was  fixed  between  the  exhauster 
and  the  oven,  and  with  3  or  4  inches  of  suction  when  the  process  was 
working  the  extraction  was  about  1,000  cubic  feet  of  gas  per  hour,  equal 
to  about  12,000  cubic  feet  of  gas  per  ton  of  coal  coked. 

Some  considerable  time  after  the  yield  of  products  at  the  Weardale 
Iron  Co.'s  works  had  fallen  off  as  the  writer  has  described,  an  apparatus 
was  constructed  to  indicate  the  quantity  of  gas  passing  in  the  main  pipe 
from  twenty  ovens,  and  it  was  found  that  with  less  than  one  quarter  of 
the  suction  which  had  been  at  first  applied,  the  passage  of  gas  was  6,000 
cubic  feet  per  oven  per  hour,  or  70,000  cubic  feet  per  ton  of  coal  coked. 
The  writer  thinks  it  is  correct  to  assume  that,  as  the  yield  of  oil  fell  to 
one  quarter  of  what  it  had  been  originally,  the  actual  gas  taken  from  the 
oven  was  reduced  to  about  a  quarter  of  what  it  once  had  been  ;  and,  if 
so,  the  gas  extracted  would  consist  of  1  part  of  coal-gas  and  about  24 
parts  of  air,  a  mixture  inexplosive  and  unburnable.  In  carefully  opening 
the  floors  of  ovens  he  found  little  accumulations  of  dust  with  hollow 
centres  all  over  the  bottom  of  the  pan  in  shape  like  miniature  volcanoes, 
which  were  no  doubt  in  active  operation,  giving  currents  of  air  when 
the  suction  was  on. 

This  process  of  decay  in  the  efficiency  of  the  pan  (which  it  was 
intended  should  be  air-tight),  the  author  and  his  co-workers  were  some 
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considerable  time  in  discovering.  It  had  not  caused  trouble  at  Felling, 
no  doubt  for  the  reason  that  there  the  coke-ovens  were  frequently  cooled. 
Many  experiments  were  made  from  time  to  time  in  the  Felling  coke- 
ovens  with  different  forms  of  false-bottom,  and  different  areas  of  pan, 
and  at  every  change  the  coke-oven  operated  upon  was  cooled  off,  the 
pan-bottom  exposed  and  often  relaid  in  a  new  form  ;  and  thus  the  defect 
arising  from  continuous  working  was  most  unfortunately  undiscovered. 
When  the  discovery  was  actually  made,  the  composition  of  the  pan  was 
changed.  Many  varieties  of  cements  were  used,  asbestos  paper,  silicate 
of  soda,  and  various  other  materials,  and  it  was  found  invariably  that 
with  a  newly  constructed  oven-bottom  one  got  good  burning  gas,  one 
was  able  to  carry  a  high  suction,  and  in  yield  of  products  one  obtained 
the  same  results  as  at  Felling.  But  each  of  these  experiments  took  a 
very  long  time,  because  the  question  with  each  was  whether  the  efficiency 
of  the  pan  would  continue  for  such  a  length  of  time  as  to  make  its 
renewal  comparatively  an  unimportant  item  of  expense. 

The  author  need  not  enter  into  any  details  of  these  experiments, 
because  at  a  later  time  the  whole  were  superseded.  An  iron  pan  was  used, 
made  in  sections  so  as  to  pass  through  the  door  of  the  coke-oven,  and  with 
internal  angle-irons  by  which  it  could  be  bolted  together.  This  pan  was 
filled  with  water  up  to  the  height  of  the  suction-pipe,  and  standing  in  the 
pan,  partially  immersed  in  the  water,  were  the  iron  supports  of  the  false- 
bottom.  The  pan  was,  of  course,  perfectly  air-tight.  The  quicker  rate 
of  conduction  in  the  iron,  and  the  slower  rate  of  conduction  of  the  fire- 
brick false-bottom,  and  the  near  presence  of  the  water  to  every  part,  kept 
it  from  the  least  distortion  of  shape,  and  from  any  injurious  action  by 
the  fire.  Thus  the  only  iron  pan  made  was  worked  continuously  for  a 
year,  and  found  to  be  practically  uninjured  in  any  way,  and  entirely 
efficient  at  the  end  of  that  time.  In  fact,  the  writer  believes  that  this 
was  a  perfect  solution  of  all  the  difficulties  of  the  process,  and  had  they 
started  with  it  at  first  the  process  would  have  been  by  now,  he  believes, 
adopted  almost  universally. 

The  question  will  naturally  arise  (having  arrived  as  was  supposed 
at  a  satisfactory  solution  of  the  problem  which  had  troubled  us  for 
so  many  years),  why  we  did  not  prosecute  the  enterprise  with  energy,  and 
at  once  seek  to  recover  our  lost  ground  ?  The  author  believes  that  the 
answer  must  be  found  in  the  fact  that  we  were  a  limited  liability  company 
— our  actions  were  the  actions  of  a  company,  and  not  of  an  individual. 
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Mr.  William  Cochrane  said  that  they  were  indebted  to  Mr.  Jameson 
for  having  brought  before  them  an  account  of  failures  in  the  recovery  of 
bye-products,  for  very  often  they  learned  more  from  failures  than  from 
successes,  but  if  they  had  been  so  near  success  as  these  experiments 
seemed  to  lead  them  to  believe  it  was  a  pity  that  his  process  had  not  had 
further  trial.  He  asked  whether  the  Jameson  process  was  in  use 
anywhere  at  the  present  time  ?  He  had  given  it  a  trial  himself  some 
years  ago  but  was  compelled  to  abandon  it.  He  would  like  to  know 
whether  the  amount  of  water  in  the  coke  did  not  seriously  affect  its 
quality  ? 

Mr.  A.  L.  Steavensox  said  that  Messrs.  Bell  Brothers  had  tried  the 
ovens  for  a  long  time  at  Page  Bank  colliery.  He  was  of  opinion  that 
the  process  might  be  worked  successfully  if  a  gentleman  of  ability  and 
chemical  knowledge  had  charge  of  the  arrangements,  and  could  attend  to 
the  ovens,  but  the  process  was  not  successful  under  the  charge  of  an 
ordinary  foreman.  He  had  never  observed  any  difference  in  the  quality 
of  the  coke ;  it  always  appeared  as  good  as  from  the  ordinary  oven,  but 
the  oil,  so  far  as  he  could  judge,  was  rather  poor  in  quality. 

Prof.  P.  Phillips  Bedson  said  that  the  paper  explained  why  the 
method  which  made  such  promise  fourteen  years  ago,  in  giving  a  coke 
which  would  satisfy  the  requirements  of  the  ironmaster,  and  which 
partially  obtained  success  in  the  recovery  of  the  bye-products,  had  not 
been  successful.  With  reference  to  the  oil,  he  thought  an  examination 
showed  that  the  hydrocarbons  contained  in  the  oil  obtained  from  the 
Jameson  coke-oven  were  different  from  those  contained  in  the  oil 
obtained  in  the  manufacture  of  coal-gas,  and  from  those  obtained  by 
the  Simon-Carves  and  other  similar  retort-ovens.  The  great  difference 
was  in  the  proportion  of  benzene,  and  this  was  serious,  as  it  was  the 
most  valuable  hydrocarbon  obtained  from  coal  in  the  manufacture  of 
coal-gas. 

Mr.  Jameson,  replying,  said  that  there  were  no  coke-ovens  of  the 
Jameson  type  at  present  in  use.  It  was  perfectly  correct  that  the  oil  was 
not  of  the  same  character  as  that  produced  in  gas-works,  as  the  tar- 
product  belonged  to  the  paraffin  series  instead  of  the  benzoline  series. 
He  thought  that  the  proportion  of  water  left  in  the  coke  was  not  greater 
than  in  the  ordinary  process. 

Mr.  W.  C.  Blackett  asked  what  was  the  difference  between  the 
Jameson  process  and  that  adopted  by  Messrs.  Newton  and  Chambers, 
where  air-pressure  was  put  upon  the  coke-oven,  the  gaseous  products 
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being  driven  through  the  oven-bottom,  and  he  believed  that  they  were 
working  very  successfully  in  the  recovery  of  bye-products,  including  Izal, 
a  new  disinfectant  ? 

Mr.  Jameson  said  he  did  not  think  that  there  was  much  difference 
between  the  process  described  by  Mr.  Blackett  and  his  own.  In  the 
Aitken  coke-oven  pressure  was  put  on  the  oven,  but  there  was  no  suction 
on  the  bottom  of  the  oven. 

Mr.  William  Cochrane  asked  whether  the  latest  improvement  in 
the  Jameson  process  would  enrich  the  oil  ? 

Mr.  Jameson  replied  that  the  oil  would  not  be  enriched. 

Mr.  A.  L.  Steavenson  proposed  a  vote  of  thanks  to  Mr.  Jameson 
for  his  interesting  notes,  and  suggested  that  Mr.  Cochrane  or  some  other 
gentleman  who  had  coke-ovens  should  be  induced  to  make  a  further  trial 
of  the  Jameson  process,  and  possibly  prove  its  success. 

The  vote  of  thanks  was  cordially  adopted. 


The  following  paper  by  Mr.  Winkhaus  on  "  Safety  Explosives  "  was 
read  : — 
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By  BERGASSESSOR  WINKHAUS. 

It  is  generally  known  that  the  experiments  with  various  explosives, 
conducted  by  the  Prussian  Fire-damp  Commission  in  the  experimental 
gallery  at  Neunkirchen,  led  to  the  result — that  high  explosives,  such  as 
nitro-glycerine,  gun-cotton,  and  blasting  gelatine,  if  a  sufficiently  strong 
detonator  be  used,  will  detonate  perfectly  without  igniting  either  coal- 
dust  or  pit-gas.f  This  was  deemed  an  all-sufficient  ground  for  the 
assertion  that  one  may  proceed  unhesitatingly  to  fire  shots,  provided  a 
preliminary  examination  with  a  safety-lamp  has  shown  that  not  more 
than  3  or  4  per  cent,  of  pit-gas  is  present  in  the  surrounding  atmosphere. 
If  the  percentage  of  gas  be  higher,  ignition  by  electricty  is  recommended. 
It  is  further  asserted  that  gelatine-dynamit  I.,  mixed  with  35  per  cent, 
of  powder,  may  be  regarded  as  perfectly  safe  in  atmospheres  containing 
from  8  to  10  per  cent,  of  pit-gas  ;  while,  on  the  other  hand,  the  safety 
of  guhr-dynamit  is  diminished  by  the  admixture  of  a  neutral  powder 
(kieselguhr),  in  such  wise  that  atmospheres  containing  4^  per  cent,  of 
pit-gas  become  dangerous,  and  are  so  even  with  a  smaller  percentage  of 
gas — if  there  be  much  dust  in  suspension. 

The  results  of  these  investigations  gave  rise,  at  a  meeting  of  the 
Prussian  Fire-damp  Commission  on  June  25th,  1885,  to  a  very  lively 
exchange  of  views.J  Two  opposite  camps  joined  issue — the  one  wishing 
purely  and  simply  to  forbid  shot-firing  with  ordinary  blasting-powder  in 
fiery  mines,  but  permitting  the  use  of  dynamite  under  certain  circum- 
stances— namely,  when  in  a  particular  district  of  a  mine  the  safety-lamp 
shows  that  no  fire-damp  is  present ;  the  other  not  allowing  even  dynamite 
to  be  used,  at  least  in  the  coal.  The  partizans  of  the  first  view  rested 
their  case  on  the  above  summarized  results,  while  those  of  the  second 
appealed  to  a  number  of  instances  wherein  shots  fired  by  dynamite  had 
actually  ignited  gaseous  mixtures.     Nevertheless,  at  the  meeting  of  June 

*  Translated  by  L.  L.  Belinfante,  B.Sc. 

^Ilavpt-Bcriclit  der  prenssischen    Sehlagwetter-Konimission    (Report   of    the 
Prussian  Fire-damp  Commission),  Swpplemmt,  vol.  iv.,  page  77. 
J  Ibid..  Supplement,  vol.  i.,  page  (33  et  seq. 
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26th,   1885,  Article   L9  of  the  "Principles  Determining  the  Working  of 
Fiery  Mines  "  was  adopted  by  a  large  majority  in  the  following  terms  : — 

In  all  fiery  mines,  shot-firing  with  blasting-powder  and  similar  slowly  exploding 
substances  is  forbidden.  The  use  of  dynamite,  and  substances  which  resemble  it  in 
their  behaviour  as  regards  coal-dust,  and  in  rapidity  of  explosion,  is  alone  per- 
missible. 

Even  with  dynamite  and  its  congeners,  shot-firing  is  to  be  prohibited  in  those 
pits,  where  at  any  point  in  the  workings  under  normal  conditions,  it  is  found 
impossible  to  avoid  such  accumulations  of  fire-damp  as  are  easily  recognizable  with 
the  safety-lamp.     (This  implies  about  3  per  cent,  of  gas.) 

But  the  experiments  made  by  Mr.   Lohmann,  in  the  experimental 

gallery  at  Neunkirchen,  soon  showed  that  the  harmlessness  of  gelatine- 

dynamit  and  its  associates  was  by  no  means  so  well  assured  as  the  first 

series  of  experiments  of  the  Prussian  Fire-damp  Commission  had  led  one 

to  believe.     Two  reports  embodying  the  results  of  the  further  experiments 

were   published   in    1887,   in    which    guhr-dynamit,   gelatine-dynamit, 

blasting-gelatine,   and    gun-cotton   are   uniformly    described    as    either 

dangerous  or  highly  dangerous  in  presence  of  fire-damp  or  coal-dust.   Mr. 

Lohmann  arrives,  indeed,  at  the  conclusion  that 

The  use  of  high  explosives  in  the  presence  of  fire-damp,  and  particularly  at 
working-faces  where  there  is  dry  coal-dust  is,  in  all  probability,  infinitely  more 
dangerous  than  one  has  hitherto  been  inclined  to  admit,  and  further,  that  the 
prohibition  merely  of  ordinary  blasting-powder  and  its  congeners,  with  a  view  to 
the  avoidance  of  fire-damp  and  coal-dust  explosions,  would  be  of  so  little  effect  as 
to  be  hardly  worth  mentioning.* 

Results  so  startlingly  diverse  from  those  arrived  at  by  the  investigators 
of  the  Prussian  Fire-damp  Commission  naturally  lead  us  to  enquire  whence 
such  differences  can  possibly  arise.  If  we  consult  carefully  the  Reports, 
we  shall  note  that,  in  the  experiments  conducted  by  the  Prussian  Fire- 
damp Commission,  in  each  case  only  one  cartridge  was  used,  left  lying  free 
on  wooden  blocks,  sometimes  sprinkled  with  coal-dust,  or  else  suspended 
in  mid-air.  It  was  only  when  Mr.  Lohmann  proceeded  to  make  trials 
with  large  quantities  of  explosive  that  the  ignition  of  pure  coal-dust 
atmospheres  regularly  took  place  with  the  so-called  high  explosives,  and  it 
was  through  Mr.  Lohmann's  investigations,  first  of  all,  that  the  formerly 
universally  accredited  opinion  as  to  the  parallel  ratio  of  increase  of  blast- 
ing-power and  of  safety  (in  regard  to  fire-damp  and  coal-dust)  of  such 
explosives  was  rudely  dispelled.  Moreover,  his  experiments  stimulated 
inventors  to  work  for  the  improvement  of  explosives  in  the  direction  of 
safety,  and  it  is  from  that  time  that  we  may  date  the  first  appearance  of 

*  "  Results  of  the  investigations  conducted  in  the  experimental  gallery  at  the 
Konig  pit,  Neunkirchen,  etc.,"  by  Mr.  H.  Lohmann.  Zcitschrift  filr  Berg- Hiitten- 
und  Salinenwesen,  vol.  xxxv.,  pages  271  et  seq.,  352  et  seq. 
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the  so-called  flameless  or  safety-explosives.  All  those  mining  districts, 
where  the  battle  against  fire-damp  and  coal-dust  has  to  be  fought,  have 
since  then  taken  up  actively  the  question  of  safety-explosives,  and  it  is  no 
exaggeration  to  affirm  that  at  the  present  day  that  question  has  made  a 
vast  stride  in  the  direction  of  progress. 

The  writer's  remarks  will  therefore  be  devoted  to  a  more  detailed  con- 
sideration of  the  subject  as  it  now  shapes  itself  in  "Westphalia,  on  the  basis 
of  the  investigations  carried  out  in  the  experimental  gallery  of  the  West- 
phalian  Miners'  Provident  Society. 

The  ways  and  means  whereby  the  manufacturers  of  explosives  sought 
to  render  their  products  less  and  less  dangerous  in  the  presence  of  fire- 
damp and  coal-dust  were  all  directed  to  the  one  end  of  reducing  as  much 
as  possible  the  temperature  of  the  gases  evolved  on  explosion,  that  is,  the 
so-called  temperature  of  detonation.  It  was  sought  to  effect  this  in  one 
way  by  mixing  high  explosives,  such  as  dynamite,  with  substances  con- 
taining water  in  mechanical  or  chemical  combination  and  with  easily 
vaporizing  substances,  whose  vaporization  and  decomposition  was  intended 
to  capture  a  part  at  least  of  the  heat  evolved  on  explosion.  Among  the 
substances  thus  used  were  damp  sawdust,  soda-crystals,  sulphate  of 
magnesium,  carbonate  of  annnonium,  etc.,  and  these  mixed  in  various 
proportions  with  kieselguhr  constituted  the  so-called  wetter-dynamit. 
To  this  group  coal-carbonit  also  belongs. 

Another  way  of  reducing  the  temperature  of  the  gases  evolved  on 
explosion  consisted  in  making  the  explosives  of  such  substances  as  of 
themselves  have  a  relatively  low  detonating  temperature.  Such  are  the 
explosives  belonging  to  the  so-called  sekurit  group,  preceded  as  they 
were  by  the  Sprengel  explosives,  mixtures  of  nitrated  hydrocarbons  with 
nitric  acid.  In  practice  only  the  first-named  of  these  are  in  actual  use  ; 
they  were  invented  by  Dr.  Schoneweg,  a  pharmaceutical  chemist  at 
Dudweiler,  and  consist  in  the  main  of  intimate  mixtures  of  nitrate  of 
ammonium  with  the  nitro-compounds  of  the  aromatic  hydrocarbon 
series,  or  with  non-nitrated  carbonaceous  substances.  Among  these  may 
be  reckoned  the  multifarious  explosives,  so  many  of  which  have  been 
just  lately  brought  out,  sekurit,  roburit,  westfalit,  dahmenit,  dahmenit  A, 
progressit,  rhonsalit,  roburit  I,  and  the  Cologne-Rottweiler  safety  blasting- 
powder.  In  these  explosives  also  the  principle  of  admixture  has  been 
applied  for  the  purpose  of  lowering  the  temperature  of  detonation. 
Their  composition,  in  so  far  as  it  has  been  possible  to  ascertain  it  in  the 
course  of  the  investigations  at  the  Westphalian  Miners'  Provident 
Society's  experimental  gallery,  is  stated  in  the  accompanying  tables 
(Fig.  1,  Plate  IX.). 
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Explosives  of  either  type  are  known  in  Germany  as  safety-explosives, 
but  an  exact  definition  as  to  what  is  really  a  safety-explosive  is  still 
to  seek. 

In  his  latest  memoirs  on  the  behaviour  of  various  explosives  in  the 
presence  of  fire-damp  and  coal-dust,  based  on  investigations  pursued  at 
the  Neunkirchen  experimental  gallery,  Mr.  Lohmann  attempts,  however, 
to  set  forth  a  definition  of  safety-explosives.  He  holds  that  all  such  as 
prove  on  experiment  to  be  considerably  safer  than  ordinary  dynamite, 
and  have  not,  in  practical  mining,  produced  the  ignition  of  fire-damp 
and  coal-dust,  should  be  reckoned  as  safety-explosives  ;  *  further  on,  he 
remarks  that  "in  any  case  a  sufficient  degree  of  security  may  be  deemed 
to  have  been  attained,  when  an  unstemmed  shot,  fired  with  a  charge  of 
8 '8 2  ounces  (250  grammes)  from  the  steel  cannon,  in  the  experimental 
gallery  at  Neunkirchen  is  found  incapable  of  igniting  the  coal-dust  in 
suspension  (from  the  Konig  pit)."  |  Unfortunately,  practical  experience 
in  Westphalian  mines  has  shown  that  explosives,  which  with  far  higher 
charges  appeared  unable  to  ignite  coal-dust  in  the  experimental  gallery, 
have  on  several  occasions  been  the  cause  of  fire-damp  and  coal-dust 
explosions  in  the  mine.  "We  must  therefore  conclude  that  the  above- 
defined  degree  of  security  is  not  sufficiently  certain  to  completely  eliminate 
the  risk  of  an  explosion  below  bank. 

In  France,  however,  they  have  been  able  to  approach  more  nearly  an 
exact  determination  by  laying  down  regulations  as  to  the  properties 
which  must  characterize  any  explosive  intended  for  use  in  fiery  or  dusty 
mines.  Basing  himself  on  the  investigations  carried  out  by  Mr.  Mallard, 
the  French  Minister  of  Public  Works,  under  date  August  1st,  1890,  J 
issued  a  decree  prescribing  that  in  dangerous  mines  only  such  explosives 
should  be  used  in  the  working  of  stone  as  yield  a  temperature  of  detonation 
not  exceeding  1,900  degs.  C.  (4,060  degs.  Fahr.),  and  if  in  coal  itself,  the 
temperature  of  detonation  should  not  exceed  1,500  degs.  C.  (3,212  degs. 
Fahr.).  In  accordance  with  the  statements  set  forth  in  an  appendix, § 
this  temperature  must  be  calculated  from  the  various  constituents  which 
go  to  make  up  the  explosive  ;  and,  in  order  to  make  that  calculation 
possible,  the  explosive  must  be  enclosed  in  a  cartridge  which  bears 
on  its  cover  an  indication  of  the  character  and  quantity  of  the  said 
constituents. 

*  Gluckauf,  1893,  vol.  xxix.,  page  1,177. 

f  Ibid..  1893,  vol.  xxix.,  page  1,435. 

X  Report  of  the  French  Commission  mi  tin'  Use  of  Explosives,  etc.  Translatd  by 
Messrs.  Bird  and  Walton  Brown,  page  1(32.       §  Ibid '.  page  103. 
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How  far  the  theoretical  values  thus  obtained  are  applicable  to  the 
values  aimed  at  in  the  investigations  conducted  in  the  experimental 
gallery  is  a  point  to  which  the  writer  will  have  the  opportunity  of 
recurring  later  on.  We  may,  at  all  events,  remark  in  passing  that  the 
standard  of  security  defined  by  Mr.  Lohmann  is  much  below  that 
theoretically  determined  by  the  French  authorities. 

Personally,  the  writer  does  not  consider  it  possible  to  express  numeri- 
cally such  a  standard  of  safety  for  an  explosive  as  will  imply  its  absolute 
harmlessness  in  all  and  every  circumstance,  and  he  fails,  moreover,  to  see 
that  such  is  needed.  The  very  latest  improvements  in  the  technique  of 
safety-explosives  are,  as  it  so  happens,  thrusting  this  standardizing 
question  more  and  more  into  the  background.  We  can  nowadays  avail 
ourselves  of  explosives  which  fulfil  extremely  exacting  conditions  in 
regard  to  safety,  and  which  at  the  same  time  fulfil  all  requirements  in 
the  matter  of  blasting  effect  and  explosive  power,  and  there  is  every 
reason  to  believe  that  further  progress  will  be  made  in  this  direction.  It 
is  then  merely  a  question  of  time  :  sooner  or  later,  in  all  fiery  and 
dusty  mines,  only  such  safety-explosives  will  be  used  as  will  be  shown,  by 
the  results  obtained  in  the  various  experimental  galleries,  to  possess  an 
unquestionably  high  degree  of  safety. 

The  arrangements  for  these  researches,  which  are  now  customary  in 
all  fiery  and  dusty  mining  districts,  have  been  modelled  on  those  made 
for  the  experimental  gallery  at  the  Government  colliery  of  Neunkirchen, 
the  oldest  in  date,  set  up  by  the  Prussian  Fire-damp  Commission.  This 
has  served  as  a  pattern  even  for  the  newest  of  all,  the  experimental 
gallery  built  by  the  Westphalian  Miners'  Provident  Society  at  the 
Consolidation  pit,  near  Gelsenkirchen. 

It  is  hardly  necessary  to  describe  here  in  detail  the  manner  in  which 
these  galleries  are  fitted  up,  as  the  writer  takes  it  for  granted  that  this  is 
now  well  known.  He  will  merely  point  out  that  the  main  difference 
between  the  Saarbriicken  and  the  Westphalian  experimental  galleries 
consists  in  their  various  dimensions.  That  now  in  use  at  Saarbriicken 
has  a  length  of  39*37  feet,  and  an  elliptical  cross-section  of  4*43 
by  3*77  feet,  while  the  Westphalian  gallery  is  115  feet  long,  and  has  an 
elliptical  cross-section  6"07  feet  high  by  4*43  feet  broad.  *  The  larger  cross- 
section  was  resolved  upon,  on  the  one  hand,  in  order  to  approximate  more 
closely  to  the  conditions  obtaining  in  Westphalian  mines,  and  on  the 
other  in  order  to  facilitate  working  in  the  gallery.  The  greater  length 
was  intended  to  enable  simultaneous  investigation  to  be  made  of  various 
coal-dusts,  as  to  their  more  or  less  dangerous  character. 
*  Trans.  Fed.  Inst.,  vol.  ix.,  page  250. 
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The  main  principle  which  invariably  presided  at  the  construction  of 
such    galleries  was  never  to   diverge  needlessly   from  the   conditions 
actually  obtaining  in  the  mine.     So  far  as  the  interior  of  the  galleries 
is  concerned,  we  may  consider  that  this  principle  has  been  successfully 
maintained.     Moreover,  the  manner  of  deposition  and  suspension  of  the 
coal-dust  underground,  and  the  accumulations  of  fire-damp  met  with  in 
the  mine  are  closely  imitated  in  an  experimental   gallery.     But   those 
conditions  which  cannot  be  reproduced,  and  yet  which  are  the  most  vital 
of  all,  are  the  circumstances  following  on  the  firing  of  a  shot  at  the  coal- 
face.    One  has  here  to  make  shift  with  a  caunon  or  mortar,  provided 
with  a  bore-hole,   and   made   as  strongly  resisting  as  possible,  whence 
the  shots  are   fired.     This,   however,  does  not  in  the  remotest  degree 
correspond  to  actual   shot-firing   in  coal.     The  differences  are  many  : 
in  a  bore-hole  in  coal  the  walls,  being  of  coal,  consist  of  a  material  which 
is  a  very  bad  conductor  of  heat,  and  consequently  when  a  shot  is  success- 
fully fired,  the  entirety  of  the  heat  produced  by  the  gases  resulting  on 
explosion  is  available  for  igniting  inflammable  atmospheres  if  circum- 
stances are  otherwise  favourable.     In  a  cannon,  on  the  other  hand,  the 
walls  being  of  cast  steel  and  good  conductors  of  heat,  a  portion  of  the 
heat  of  detonation  is  held  captive.    Within  a  bore-hole  in  coal,  a  quantity 
of  extremely  fine  dust  is  formed  on  the  firing' of  a  shot.    Moreover,  in  the 
case  of  fiery  seams,  there  is  always  a  flow  of  fire-damp  into  a  long  bore- 
hole, and  when  the  stemming  has  been  rammed  in,  the  gas  fills  up  all 
hollow  spaces  between  the  cartridge  and  the  walls  of  the  bore-hole,  and 
thus  an  additional  danger  is  created  which  cannot  be  imitated  in  the  bore 
of  a  cast-steel  cannon. 

But  if  divergences,  which  are  of  this  importance,  and  cannot  be  got 
rid  of,  exist  between  the  conditions  prevalent  in  the  mine  and  the  con- 
ditions obtainable  in  an  experimental  gallery,  it  follows  plainly  that  no 
direct,  irrefragable  conclusions  can  be  drawn  from  such  experiments  for 
application  in  everyday  practice.  More  particularly  is  it  undesirable,  on 
the  faith  of  investigations  conducted  in  an  experimental  gallery,  to  fix  the 
safety  limit  as  to  quantities  of  explosives  allowable  underground.  This 
will  be  the  more  readily  conceded  as,  in  point  of  fact,  in  different 
galleries  or  drifts  (the  conditions  being  the  same  in  all)  for  some  hitherto 
unexplained  reasons  extremely  diverse  results  have  been  attained. 

The  aim,  therefore,  of  such  experimental  investigations  must  be 
restricted  to  a  comparison  of  the  relative  safety  of  various  explosives.  If 
the  values  obtained  are  made  use  of  in  practical  work,  they  must  be 
revised  in  accordance  with  the  results  of  actual  experience  in  the  mine. 
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For  this  reason  alone  the  writer  is  of  opinion  that  it  is  of  extreme  im- 
portance, in  all  cases  where  a  fire-damp  or  coal-dust  explosion  has  occurred 
underground,  following  on  the  use  of  so-called  safety-explosives,  to  make 
a  most  careful  and  minute  investigation  as  to  the  quantity  used  and  the 
properties  of  the  explosive,  and  in  particular  to  ascertain  whether  it  is 
really  the  safety-explosive  that  has  determined  ignition,  and  whether  the 
simultaneous  (and  surreptitious)  use  of  a  dangerous  explosive,  such  as 
dynamite,  was  under  the  circumstances  absolutely  impossible.  In  West- 
phalia, cases  of  the  kind  herein  alluded  to  have  occurred.  But  it  is  only 
by  diligent  enquiries  of  this  nature  that  we  shall  obtain  data  which  will 
justify  the  practical  application  of  the  results  obtained  in  experimental 
galleries. 

In  making  experimental  investigations  we  need  not  then  be  so  much 
concerned  as  to  the  exact  nature  of  the  conditions  assigned  for  the  experi- 
ments, but  concentrate  our  attention  on  making  these  conditions  in  all 
cases  identical.  Still,  the  writer  may  point  out  that  the  conditions 
presupposing  the  greatest  amount  of  danger  are  the  best  suited  for 
experimental  enquiry.  Consequently  in  the  experiments  now  under  con- 
sideration every  shot  was  fired  without  stemming  from  the  bore  (lS^ll 
inches  long  and  2'1Q  inches  in  diameter)  of  a  crucible-steel  cannon  or 
mortar.  This  was  so  built  into  the  floor  of  the  gallery  that  the  axis  of 
the  bore  (which  protruded  about  10  inches)  being  prolonged  vertically 
would  meet  the  roof  at  a  distance  of  33  feet.  The  charge  was  placed  at 
the  end  of  the  bore-hole. 

For  the  purpose  of  ensuring  that  the  conditions  regarding  coal-dust 
were  identical  for  every  shot  fired,  each  time,  whether  there  had  been 
ignition  of  coal-dust  or  not,  fresh  dust  was  strewed  along  the  floor  in  just 
the  same  quantity  as  before  for  a  length  of  about  1 6  feet  from  the  work- 
ing-face, and  dust  was  also  whirled  about  in  the  atmosphere  of  the  gallery 
by  means  of  the  fan  fitted  to  the  roof.  The  character  of  the  dust  was 
continually  investigated  by  repeated  analyses  :  these  showed  very  slight 
variation  in  chemical  composition,  and  as  the  dust  was  always  obtained 
from  the  same  source  its  physical  properties  also  exhibited  very  Little 
variation.  For  experiments  with  fire-damp  mixtures  an  explosion- 
chamber  of  about  353  feet  cubical  content  was  used  :  this  was  arranged 
by  setting  up  a  paper  partition  about  17  feet  distant  from  the  working- 
face.  The  composition  of  the  gaseous  mixtures  was  determined  by  draw- 
ing off  and  analysing  samples  on  each  occasion.  In  the  case  of  experiments 
conducted  in  the  presence  both  of  coal-dust  and  fire-damp  the  dust  was 
strewed  on  the  floor  before  the  introduction  of  the  gases,  but  the  whirling 
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of  dust  in  the  atmosphere  was  done  afterwards,  very  shortly  before  firing 
the  shot.*  Every  explosive  tested  was  subjected  in  increasing  quantities, 
until  ignition  ensued,  in  the  following  experiments.  (It  was  previously 
settled  that  the  quantity  sufficient  to  produce  ignition  should  be  limited 
to  18  or  21  ounces)  : — 

1. — In  presence  of  coal-dust  without  fire-damp. 
2. — In  presence  of  coal-dust  and  a  gaseous  mixture  just  recognizable 
with  the  safety-lamp  (that  is,  about  2£  per  cent.). 

3. — in  presence  of  explosive  mixtures  of  6  to  7  per  cent,  fire-damp  and 
coal-dust. 

4. — In  presence  of  explosive  mixtures  of  6  to  7  per  cent,  fire-damp 
without  coal-dust. 

With  the  single  exception  of  blasting-powder  all  the  explosives  used  in 
Westphalia  were  included  in  the  series  of  experiments. 

The  results  are  graphically  represented  in  Fig.  1,  Plate  IX.  In  the 
first  column  is  the  name  of  the  explosive,  and  in  the  second  its  chemical 
analysis  by  Dr.  Broockmann,  of  Bochum,  while  in  the  other  columns  is 
set  forth  the  behaviour  of  each  explosive  under  the  above-mentioned  con- 
ditions. The  lengths  of  the  rectangles  in  the  respective  columns  represent 
the  charges :  the  shaded  rectangles  indicate  what  weight  of  the  particular 
explosive  gave  rise  to  ignition  under  the  conditions  set  forth  at  the  head 
of  the  table.  If  the  rectangle  is  left  blank,  this  implies  that  the  quantity 
of  explosive  thus  symbolized  was  used,  but  did  not  give  rise  to  ignition. 
The  accompanying  numerals  indicate  what  weight  was  used  on  each 
occasion.  The  figures  in  the  last  column  represent  the  comparative 
expansions  obtained  in  the  Trauzl  leaden  receiver  test  (a  charge  of 
about  0*35  ounce  being  placed  in  the  bore  of  a  leaden  cylinder),  and 
therefore  show  the  relative  blasting  efficiency  of  the  various  explosives.! 
Gelatine-dynamit  alone  is  tabled  as  not  belonging  to  the  group  of  so- 
called  safety-explosives.  Guhr-dynamit,  stonit,  and  sekurit  behave  in 
much  the  same  way  as  it  does. 

The  first  thing  that  strikes  one  on  looking  at  this  table  is  the  peculiar 
behaviour  of  those  explosives,  which,  on  account  of  their  hygroscopic 
.  properties,  are  packed  in  coverings  smeared  over  with  paraffin.  Among 
them  are  the  nitrate-of -ammonium  explosives,  roburit,  westfalit,  and 
dahmenit.  The  Cologne-Rottweiler  safety-blasting-powder,  which  belongs 
to  the  same  group,  is  packed  in  tinfoil  cartridges  to  protect  it  from  damp- 
ness. In  the  case  of  the  three  former  explosives,  when  tested  in  the 
original  cartridges  in  a  pure  coal-dust  atmosphere,  they  gave  rise  to  ignition 
even  with  comparatively  small  charges,  but  proved  safe,  not  to  say  very 
*   Tram.  Fed.  Inst.,  vol.  ix.,  page  253.         f  Ibid.,  vol.  x.,  page  264. 
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safe,  if,  instead  of  the  paraffined  cartridges  ordinary  paper-covered  cart- 
ridges were  used,*  as  may  be  seen  in  the  next  column.  On  the  other  hand, 
the  nature  of  the  original  covering  seemed  to  have  no  influence  whatever 
in  the  case  of  explosives  possessing  a  high  degree  of  safety,  as  shown  by 
a  series  of  experiments  with  dahmenit  A  and  roburit  I.  The  first  named, 
for  instance,  with  a  charge  of  17*64  ounces  in  the  original  cartridges  did 
not  cause  ignition  despite  the  presence  of  1\  per  cent,  of  fire-damp  ;  but 
with  a  charge  of  19*75  ounces  in  non-paraffined  cartridges,  ignition  was 
brought  about.  And  even  with  17*64  ounces,  out  of  fourteen  trials,  ignition 
took  place  in  one  case  in  presence  of  1\  per  cent,  of  fire-damp,  although 
the  explosive  was  in  the  ordinary  paper  covering.  Whence  we  see  that 
whether  the  cartridges  were  paraffined  or  non-paraffined,  the  degree  of 
safety  was  precisely  the  same.  A  similar  series  of  experiences  is  recorded 
with  roburit  I,  which  gave  rise  to  no  ignition  whatever,  with  either 
paraffined  or  non-paraffined  cartridges. 

This  curious  phenomenon  is  alone  explicable  by  the  intervention  of 
the  temperature  of  detonation.  If  the  temperature  resulting  on  explosion 
is  sufficiently  high  to  vaporize  and  ignite  the  paraffin,  then  the  influence 
of  that  substance  comes  in  ;  it  is  ignited  itself,  and  in  turn  ignites  the 
coal-dust.  But  if  the  temperature  on  explosion  proves  insufficient  to 
start  the  ignition  of  the  paraffin,  then  we  may  regard  the  explosive  as 
possessing  so  low  a  temperature  of  detonation  that  it  is  very  safe,  even  in 
the  presence  of  large  percentages  of  fire-damp. 

Therewith  the  experimenter,  and  more  especially  the  manufacturer  of 
explosives,  is  put  in  possession  of  an  invaluable  datum  for  determining, 
simply  by  means  of  two  or  three  shots,  the  degree  of  safety  of  an 
explosive,  since  it  is  only  necessary  to  fire  off  a  charge  of  about  16  ounces 
in  a  paraffined  cartridge  in  presence  of  coal-dust.  Unfortunately,  it  has 
not  as  yet  been  possible  to  bring  to  an  end  the  series  of  experiments 
concerning  the  influence  of  the  paraffin  on  stemmed  shots.  The  writer 
is  not,  therefore,  in  a  position  to  state  whether  the  effect  of  paraffin  is 
equally  considerable  in  the  case  of  these. 

The  next  following  columns  show  what  occurred  in  the  presence  of 
coal-dust  and  a  gaseous  mixture  containing  only  a  small  percentage  of 
fire-damp.  In  such  cases  most  of  the  explosives  failed  to  bring  about 
ignition.  But  it  is  important  to  note  that  even  very  small  percentages 
of  fire-damp  do  reduce  very  considerably  the  degree  of  safety  of  an 
explosive,  as  may  be  seen  from  the  experiments  with  gelatine-dynamit, 
wetter-dynamit,  and  roburit. 

*  For  this  reason  these  explosives  are  packed  in  double  cartridge-cases,  so  called 
"  purse  or  sack  cartridges,"  and  the  outer,  paraffined  casing  is  removed  before  using 
the  explosive. 
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The  most  interesting  of  all,  however,  is  the  next  column,  wherein  is 
tabled  the  behaviour  of  the  various  explosives  in  presence  of  gaseous 
mixtures  containing  6^  to  7  per  cent,  of  fire-damp.  We  see  by  it  that 
newly-introduced  explosives  are  in  use  in  Westphalian  mines,  which 
possess  a  very  high  degree  of  safety  (as  shown  by  the  experiments  with 
dahmenit  A,  roburit  I,  Cologne-Rottweiler  safety  blasting-powder,  and 
coal-carbonit),  and  at  the  same  time  have  also  a  tolerably  high  shattering 
power  (as  shown  by  the  figures  in  the  last  column).* 

With  the  exception  of  coal-carbonit,  these  new  safety-explosives  all 
belong  to  the  nitrate-of-ammonium  group,  and  consist  of  two  main 
constituents  :  nitrate  of  ammonium  as  the  oxygen-supplier  and  any 
carbonaceous  substance  as  a  carbon-supplier.  The  point  about  these 
safety-explosives  is  that  the  heat  set  free  by  the  decomposition  of  the 
nitrate  of  ammonium,  the  so-called  temperature  of  detonation,  is  relatively 
very  low,  not  rising  theoretically  above  1,129  degs.  C.  (2,064  degs.  Fahr.). 
But  this  substance  is  of  itself  not  at  all  easily  decomposable,  and  has, 
therefore,  to  be  mixed  with  carbonaceous,  that  is,  combustible  substances, 
in  order  to  be  of  any  use  as  an  explosive.  With  the  increase  in  quantity 
of  the  carbonaceous  constituent  the  temperature  developed  on  explosion 
rises,  while  the  degree  of  safety  is  correspondingly  lowered. 

In  order  to  test  this  assertion  the  writer  has  caused  an  explosive  of 
the  sekurit  group,  consisting  of  dinitro-benzol  and  nitrate  of  ammonium, 
to  be  made  up  in  variously  proportioned  mixtures,  and  he  has  made 
experiments  therewith.  Fig.  2  (Plate  IX.)  illustrates  the  results  thus 
obtained. 

In  the  first  column,  the  composition  of  the  explosive  is  graphically 
represented,  the  lighter  shade  indicating  the  carbonaceous  constituent, 
and  the  darker  shade  the  oxygen-constituent.  Five  different  proportions 
have  been  selected,  as  follows  : — 


Nitrate  of 

Ammonium. 

Per  Cent. 

Carbon 
Supplier. 
Per  Cent. 

Containing 
of  Carbon. 
Per  Cent. 

83 

17 

7-29 

86 

14 

6-00 

89 

11 

4-72 

92 

8 

3-43 

95-25 

4-75 

2-04 

The  results  show  in  the  most  unmistakable  fashion  that  the  safety  of 
the  explosive  is  considerably  diminished  when  the  proportion  of  carbon  is 
increased,  and  this  fact  is  confirmed  again  and  again  under  all  the  various 
conditions  with  which  the  explosive  was  tested. 

*  As  no  difference  was  observable  in  the  results  obtained  with  fire-damp 
mixtures  when  coal-dust  was  present  and  when  it  was  absent,  only  one  series  of 
experiments  has  been  included  in  the  table. 
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The  values  obtained  furnish  us  with  the  necessary  data  for  compari- 
son with  the  theory,  as  to  the  height  of  temperature  of  detonation  in  the 
case  of  a  safety-explosive,  propounded  by  the  French  authorities.  More- 
over, the  proportional  compositions  selected  are  such  that  the  numerical 
expressions  needed  for  these  calculations,  namely  the  heat  of  formation  of 
the  constituent  parts,  become  known.  It  was  in  this  way  that  the  values 
tabled  in  the  fifth  column  were  calculated.  According  to  Mr.  Mallard's 
theory,  an  explosive  whose  temperature  of  detonation  is  2,200  degs.  C. 
(3,902  degs.  Pahr.)  in  charges  of  rather  less  than  2  ounces  would  ignite 
fire-damp  mixtures.  Now,  the  theory  is  in  fact  confirmed  by  the  experi- 
ments, since  precisely  that  charge  of  1 7  per  cent,  sekurit,  whose  tempera- 
ture of  detonation  is  2,200  degs.  C.  (3,992  degs.  Fahr.),  did  cause  a  fire- 
damp mixture  to  explode.  With  8  per  cent,  sekurit  the  temperature  of 
detonation  is  reckoned  as  1,696  degs.  C.  (3,084  degs.  Fahr.),  and  the 
charge  had  to  be  increased  to  12*35  ounces  before  ignition  of  the  fire- 
damp mixture  was  produced.  While  in  the  presence  of  coal-dust  without 
fire-damp,  and  using  non-paraffined  cartridges,  even  a  charge  of  17*64 
ounces  failed  to  produce  ignition.  As  the  French  authorities  have 
decreed  that  explosives  permissible  in  coal-workings  shall  possess  a  tem- 
perature of  detonation  not  exceeding  1,500  degs.  C.  (2,732  degs.  Fahr.), 
the  statement  made  at  an  earlier  page,  to  the  effect  that  Mr.  Lohmann's 
standard  limit  for  a  safety-explosive  is  far  inferior  to  the  French  standard 
may  be  regarded  as  fully  justified. 

What  degree  of  safety  an  explosive  must  possess  in  order  to  conform 
to  the  French  standard,  according  to  the  experiments  made  in  the  Schalke 
gallery,  may  be  gauged  from  the  last  proportional  mixture  used,  which  had 
a  temperature  of  detonation  reckoned  as  1,482  degs.  C.  (2,699  degs.  Fahr.) 
With  the  original  paraffined  cartridges  in  charges  of  14*11  ounces  (400 
grammes)  no  ignition  of  coal-dust  was  produced,  but  in  presence  of  7  per 
cent,  of  fire-damp  charges  varying  from  17  to  20  ounces  (500  to  550 
grammes)  did  produce  ignition.  Whence  we  may  conclude  that  the  new 
safety-explosives  dahmenit  A,  Cologne-Rottweiler  safety  blasting-powder, 
roburit  I,  and  also  coal-carbonit  fulfil  the  conditions  laid  down  by  the 
French  authorities.  We  cannot,  however,  calculate  the  temperature  of 
detonation  of  these  explosives  by  means  of  Mr.  Mallard's  formula,  because 
we  are  ignorant  of  the  heat  of  formation  of  their  constituents. 

The  example  just  cited  furnishes,  moreover,  adequate  ground  for  the 
conclusion  that  it  is  possible  to  give  exactly  what  degree  of  security  one 
chooses  to  any  safety-explosive  ;  two  factors  must  nevertheless  be  regarded 
as  limiting  the  scope  of  this  conclusion  : — (1)  The  detonating  capacity  or 
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decree  of  facility  of  transmission  of  the  explosion  from  cartridge  to  cart- 
ridge :  and  (2)  the  blasting  efficiency  of  an  explosive. 

With  regard  to  the  first  point,  the  writer  wonld  mention  that  only 
by  means  of  a  special  manipulation  of  the  explosive  was  the  manufac- 
turer enabled  to  cause  it  to  detonate  (when  least  rich  in  carbonaceous 
constituents)  with  the  ordinary  detonator,  a  circumstance  which  precludes 
its  manufacture  on  the  large  scale.  Anyone  who  has  worked  underground 
with  safety-explosives  of  the  nitrate-of -ammonium  group  knows  how  great 
an  influence  the  question  of  detonating  capacity  exerts  on  the  practicability 
of  any  given  explosive  for  mining  purposes.  None  of  the  nitrate- of - 
ammonium  explosives  can  be  guaranteed  to  always  detonate  perfectly,  the 
main  drawback  lying  in  their  hygroscopic  properties.  Wherefore  it  is  all 
the  more  urgent  to  secure  in  the  case  of  these  explosives  the  greatest  and 
readiest  detonating  capacity  attainable,  and  the  manufacturers  should  be 
unceasingly  impressed  therewith,  because  it  is  precisely  for  want  of  deton- 
ating capacity  that  safety-explosives  are  so  often  discarded. 

With  regard  to  the  second  limiting  factor,  it  is  found  that  con- 
currently with  the  decrease  in  quantity  of  the  carbonaceous  constituent, 
the  blasting  efficiency  of  an  explosive  is  seriously  diminished.  This  will 
be  observed  by  a  glance  at  the  figures  in  the  last  column  of  Fig.  2 
(Plate  IX.),  while  with  17  per  cent,  sekurit,  the  expansion  of  the  leaden 
cylinder  amounted  to  470  cubic  centimetres,  with  an  identical  charge  of 
4*75  per  cent,  sekurit,  the  expansion  was  only  290  cubic  centimetres. 

It  is  true  that  improvements  have  been  accomplished  in  both  direc- 
tions in  the  case  of  two  of  the  nitrate-of-ammonium  explosives,  dahmenit 
A  and  roburit  I.  They  are  more  especially  interesting  in  this  respect 
that  we  know  them  under  two  similar  but  distinct  forms  (proportionate 
composition). 

Ritter  von  Dahmen,  by  simply  adding  2h  per  cent,  of  bichromate  of 
potassium  to  dahmenit,  produced  the  so-called  dahmenit  A,  increasing 
enormously  thereby  the  degree  of  safety  of  the  explosive  without  weakening 
its  shattering  power.  Fig.  1  (Plate  IX.)  shows  that  fire-damp  mixtures 
containing  7  per  cent,  of  the  gas  were  ignited  by  a  dahmenit  charge 
of  8'82  ounces  (250  grammes),  while  with  dahmenit  A  the  same  mixtures 
only  began  to  ignite  regularly  at  the  charge  of  19"75  ounces  (560 
grammes).  In  the  case  of  this  explosive  the  expansion  of  the  leaden 
cylinder  amounted  to  502  cubic  centimetres,  as  compared  with  495  cubic 
centimetres  in  the  case  of  the  other  one. 

The  extraordinary  effect  of  this  small  percentage  of  bichromate  of  pot- 
assium is  attributable  to  the  fact  that  it  decomposes  with  relative  ease  at 
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a  dull  red  heat,  and  in  decomposing  captures  a  part  of  the  heat  developed 
on  detonation  of  the  explosive,  reducing,  therefore,  by  that  much  the 
total  amount  of  heat  set  free  by  the  detonation.  Moreover,  the  *  facility 
with  which  the  bichromate  decomposes,  increases  the  detonating  capacity 
and  rapidity  of  ignition  of  the  explosive.  As  a  matter  of  fact,  dahmenit 
A,  when  perfectly  fresh,  can  be  made  to  detonate  perfectly  with  No.  3 
detonators  (containing  0'054  gramme  or  8'33  grains  of  fulminate  of 
mercury),  whereas  in  practical  work  the  detonators  used  contained  2 
grammes  or  31  grains  of  fulminate  of  mercury. 

A  similar  principle  has  been  applied  in  the  cases  of  progressit  and 
roburit  I,  and  apparently  also  in  that  of  the  Cologne-Rottweiler  safety 
blasting-powder,  the  composition  of  which  has  not  yet  been  determined 
by  chemical  analysis. 

With  roburit  I,  by  adding  4  per  cent,  of  permanganate  of  potassium, 
the  proportion  of  the  carbonaceous  constituent  (dinitro-benzol)  has  been 
reduced  to  7  per  cent,  without  the  detonating  capacity  of  the  explosive 
suffering  in  the  least  therefrom.  Using  No.  4  detonators,  the  fresh 
explosive,  even  in  1-06  inches  cartridges,  was  caused  to  detonate  perfectly, 
and  yet  at  the  same  time  its  degree  of  safety  is  so  high  that  a  charge  of 
as  much  as  21"16  ounces  (GOO  grammes)  failed  to  bring  about  ignition  of  a 
gaseous  mixture  containing  1\  per  cent,  of  fire-damp.  It  is  true  that  the 
blasting  efficiency  of  this  explosive  is  less  conspicuous  than  that  of  the 
older  form  of  roburit,  so  far  as  one  can  judge  from  the  experiments  made 
with  the  leaden  cylinder.  But  this  is  solely  attributable  to  the  diminished 
proportion  of  dinitro-benzol,  for  a  comparison  of  the  numerical  ex- 
pressions for  shattering-power  for  roburit  I  in  Fig.  1,  and  8  per  cent, 
sekurit  in  Fig.  2,  will  show  that  the  addition  of  the  permanganate  of 
potassium  has  in  nowise  injured  the  blasting  efficiency  of  the  explosive. 
The  expansion  of  the  leaden  cylinder  caused  by  the  one  was  3G5  cubic 
centimetres,  and  that  caused  by  the  other  358  cubic  centimetres. 

The  examples  that  have  been  considered  in  these  pages  show  that,  as 
a  matter  of  fact,  there  has  been  great  progress  of  late  in  the  manufacture 
of  safety-explosives,  and  the  progress  thus  far  achieved  justifies  the  hope 
that  it  will  be  possible  to  remove  one  great  drawback  attached  to  the 
safety-explosives  of  the  nitrate-of-ammonium  group — namely,  that  in 
order  to  make  these  explosives  detonate  very  strong  detonators  (which  of 
themselves  constitute  a  source  of  danger)  have  to  be  used. 

As  to  the  easy  manipulation,  or  otherwise,  of  these  most  recent  forms 
of  safety-explosives,  in  the  practical  working  of  the  mine,  the  writer  has 
no  experiences  of  his  own  to  record,  for  he  has  had  little  opportunity  of 
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gaining  such  experience.  What  he  hears,  however,  from  "Westphalian 
colliery  managers  emboldens  him  to  state  that  these  explosives  have 
yielded  extremely  satisfactory  results  when  used  in  the  coal. 


The  following  paper  by  Mr.  Lohmann  on  "  Shot-firing  in  Fiery  and 
Busty  Mines  "  was  taken  as  read  : — 


SHOT-FIRING  IN  FIERY  AND  DUSTY  MINES.  155 


SHOT-FIRING  IN  FIERY  AND  DUSTY  MINES.* 


By  BBRGRAT  H.  LOHMANN. 


The  writer  proposes  to  confine  his  remarks  to  a  brief  examination  of 
the  present  state  of  the  question  embraced  by  the  title  of  his  paper,  dwell- 
ing in  the  main  on  those  points  which  appear  to  be  of  the  greatest  practical 
importance.  He  will  hold  himself  excused  therefore  if  it  is  found  that  he 
has  to  recur  once  and  again  to  certain  well-known  facts. 

The  Prussian  Fire-damp  Commission,  in  the  course  of  the  investiga- 
tions conducted  by  them  in  the  experimental  gallery  at  Neunkirchen 
(which  were  mainly  concerned  with  the  behaviour  of  different  varieties 
of  coal-dust  in  the  case  of  blown-out  shots  fired  with  blasting-powder), 
ascertained  beyond  a  doubt  that  dry  coal-dust  was  dangerous  under  such 
circumstances.  They,  moreover,  took  the  opportunity  of  making  a  few 
experiments  with  high  explosives,  and  achieved  strikingly  successful 
results.  Apart  from  the  fact  that  these  results  were  traded  on  by  com- 
peting manufacturers,  they  were  much  over-estimated  when  we  consider 
the  inadequacy  of  the  experiments,  and  then  too  the  erroneous  conclusion 
was  arrived  at  that  the  degree  of  safety  of  a  high  explosive  was  also  a 
measure  of  its  blasting-power,  the  two  being  supposed  to  increase  simul- 
taneously. Opinion  in  Germany  was  at  that  time  far  on  the  road  to  an 
absolute  prohibition  of  ordinary  blasting-powder  and  to  the  unrestricted 
use  of  high  explosives.  At  that  very  time  the  writer  uttered  a  warning, 
and  not  in  vain,  as  to  the  danger  of  setting  too  high  an  estimate  on  the 
behaviour  of  such  explosives  in  the  presence  of  fire-damp  and  dry  coal-dust; 
his  warning  was  based  on  a  new  series  of  experiments  started  at  Neun- 
kirchen. 

Meanwhile  developments  have  been  proceeding  satisfactorily  :  that  the 
particular  characteristic  which  makes  a  high  explosive  a  safety-explosive, 
in  comparison  with  others,  is  first  and  foremost  the  low  temperature  of  the 
explosion-gases  has  been  duly  recognized  by  German  observers,  while  the 
French  have  placed  it  firmly  on  a  theoretical  basis.  Various  safety- 
explosives  have  been  developed  within  the  group  of  high  explosives  :  they 
have  been  introduced  into  a  number  of  collieries  in  place  of  blasting- 
powder,  which  is  being  gradually  banished  from  mines  with  soft  and 
*  Translated  by  L.  L.  Belinfaute.  B.Sc. 
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dusty  Beams.  The  use  of  these  new  substances  has  been  more  a  matter  of 
necessity  than  of  choice,  but  at  any  rate  experience  has  shown  that  the 
change  has  not  produced  any  notable  rise  in  expenditure  (take,  for  example, 
the  Konig  pit)  in  the  matter  of  shot-firing. 

The  ideally  perfect  safety-explosive  is  still  to  seek :  continuous 
endeavours  are  being  made  to  that  end,  and  they  are  fruitful  enough  to 
afford  hope,  but  the  battle  is  not  yet  won.  Again  the  writer  would  utter 
a  warning  not  to  over-estimate  the  value  of  safety-explosives  to  such  an 
extent  as  to  force  collieries  where  the  use  of  blasting-powder  is  attended 
with  very  little  danger  to  give  it  up;  and,  when  safety-explosives  are  used, 
the  writer  would  urge  the  unadvisability  of  minimizing  the  need  for  the 
customary  safety  regulations.  These  will  be  directed  towards  the  attain- 
ment of  three  main  points : — (1)  The  removal  of  whatever  is  likely  to  give 
rise  to  an  explosion,  wherefore  by  means  of  adequate  ventilation  fire-damp 
must  be  rendered  harmless,  and  similarly  coal-dust  must  be  made  innocu- 
ous by  watering.  (2)  If,  notwithstanding  these  precautions,  an  explosion 
does  take  place  it  must  be  localized,  and  this  is  feasible  by  forming  wet 
zones,  and  by  splitting  the  air-currents.  By  the  fulfilment  merely  of  the 
conditions  just  enumerated  disasters  on  a  large  scale  will  be  avoided.  (3) 
Anything  that  is  at  all  likely  to  cause  ignition  of  fire-damp  and  coal-dust 
must  be  discarded.  Under  this  order  of  consideration  comes  the  employ  • 
ment  of  suitable  safety-lamps  that  are  lighted  from  within,  and  are  pro- 
vided (when  used  at  working-faces  where  there  is  much  evolution  of  fire- 
damp) with  double-gauzes.  Moreover,  shot-firing  must  be  reduced  to  a 
minimum  at  specially  dangerous  spots,  and  then  only  carried  on  with 
safety-explosives  or  safety-cartridges  and  safety-fuzes.  The  precautions 
enumerated  under  the  third  heading  are  the  only  ones  that  may  fail  to 
secure  the  end  in  view,  and  this  because,  in  addition  to  chance  accidents 
which  will  happen  despite  the  best  safety-lamps  and  the  safest  explosives, 
too  much  depends  on  the  manner  in  which  various  people  carry  out  their 
instructions,  even  though  special  shot-firers  be  employed. 

All  this  being  granted,  the  writer  will  say  a  word  of  warning  as  to 
placing  too  high  the  standard  of  safety  for  explosives.  There  is  no  very 
great  difficulty  in  manufacturing  high-grade  safety-explosives,  whose 
standard  of  safety  is  far  higher  than  that  usually  attained,  and  by  dint  of 
puffing  them  in  the  proper  quarters,  one  may  easily  succeed  in  exalting 
them  at  the  expense  of  other  explosives  which  have  proved  satisfactory 
in  every-day  ruining  practice.  But  the  final  result  of  this  method  of 
puffery  is  in  most  casts  as  follows  : — The  much  belauded  new  safety- 
explosive  proves  impracticable  by  reason  of  its  inefficiency  as  a  blasting 
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agent,  or,  that  inefficiency  being  recognized,  its  composition  is  secretly 
changed  at  the  expense,  more  often  than  not,  of  its  safety.  Experiences 
of  this  kind  are  naturally  wont  to  prevent  the  miner  from  abandoning  a 
comparatively  unsafe  explosive  in  favour  of  a  safer  one. 

But  to  solve  the  problem  as  to  what  is  the  minimum  standard  of 
safety  which  will  justify  the  manufacturer  in  dubbing  any  particular 
explosive  a  "safety-explosive,"  we  must  have  recourse  in  the  future  as  in 
the  past  to  experiment  on  a  large  scale.  By  that  the  writer  means  the 
actual  use  of  the  explosive  in  fiery  and  dusty  mines.  Cases  are  known 
in  Westphalia  of  fires  in  the  pit  caused  by  safety-explosives.  In  the 
early  part  of  this  year,  the  writer  and  Mr.  "Winkhaus  investigated  these 
Gases  on  the  spot,  but  they  are  too  scattered  to  justify  the  deduction  of 
any  very  definite  conclusions  from  them. 

It  is,  at  all  events,  a  mistake  to  regard  as  a  decisive  measurement  of 
the  safety  of  an  explosive  the  result  of -any  given  experiment  made  in  the 
experimental  gallery.  Apart  from  the  fact  that,  from  causes  hitherto 
unassignable,  the  different  galleries  appear  to  be  affected  differently  by 
similar  conditions  of  ignition,  the  conditions  actually  obtaining  in  the 
pit  can  never  be  reproduced  with  sufficient  exactness,  and  therefore  their 
value  for  purposes  of  comparison  is  purely  conditional.  It  would  be 
a  still  more  grievous  mistake  to  base  any  practical  conclusions  on  the 
result  of  a  theoretical  calculation  of  the  temperature  of  the  gases  pro- 
duced on  explosion,  because  we  have  really  nothing  by  which  to  gauge 
the  influence  of  accessory  circumstances.  The  temperature  of  the  gases 
is  not  the  only  point  demanding  consideration  ;  we  have,  for  instance,  to 
take  into  account  the  presence  of  certain  other  gases  or  of  finely  divided 
solid  particles  in  suspension. 

Speaking  from  this  standpoint,  the  writer  concurs  most  absolutely 
with  Mr.  "Winkhaus  in  urging  that  the  determining  condition  of  further 
progress  in  the  matter  of  safety-explosives  is  the  minutest  possible 
investigation  of  every  case  of  ignition  in  a  mine  brought  about  by  a 
safety-explosive.  The  materials  thus  accumulated  must  be  systematically 
arranged,  carefully  digested,  and  published.  For  the  fulfilment  of  this 
task,  much  time  and  labour  will  be  needed,  as  well  as  the  moral  support  of 
the  Government  mining  authorities. 


The  following  addendum  to  Mr.  E.  Halse's  paper  on  "The  Quicksilver 
Mines  and  Reduction-works  at  Huitzuco,  Guerrero,  Mexico,"  was  taken 
as  read  : — 
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THE   QUICKSILVER  MIXES   AND   REDUCTION-WORKS  AT 
HUITZUCO,  GUERRERO,  MEXICO.* 

By  EDWARD  HALSE. 


Addendum. 
Since  the  above  paper  was  written,  an  article  by  Mr.  W.  H.  Rundall 
has  appeared  on  the  "  Mining  and  Treatment  of  Quicksilver  Ores  at 
Guadalcazar,  Mexico."  f  He  says  that  at  the  Trinidad  mine,  owned  by 
an  English  company,  the  formation  is  limestone,  which  has  been  largely 
replaced  in  parts  by  gypsum  : 

The  occurrence  of  the  ore  in  this  mine  is  very  irregular,  but  there  may  be  said 
to  exist  one  main  ore-shoot  which  has  been  followed  through  a  horizontal  distance 
of  about  200  metres  <>56  feet),  and  a  vertical  distance  of  about  60  metres  (197 
feet).  The  upper  part  of  this  shoot  consisted  of  a  mass  of  irregular  stringers  of  ore 
running  in  all  directions  through  broken-up  limestone-rock,  and  forming  stringers 
and  pockets  in  the  solid  gypsum,  which  in  turn  occurs  in  irregular  but  connected 
masses  replacing  the  shattered  country-rock  or  limestone As  the  ore- 
shoot  was  followed  and  explored  in  depth,  the  ore  took  a  more  massive  form, 
occurring  in  large  bodies  and  increasing  in  richness.  At  one  point  a  large  body  of 
soft,  black  ore  was  discovered,  averaging  from  7  per  cent,  to  10  per  cent,  of 
mercury,  completely  enclosed  within  a  solid  mass  of  gypsum.  The  ore  when 
occurring  in  the    gypsum  is  usually  a  mercury  selenide  of  an  iron-grey  colour, 

granular"  soft,  and  giving  a  purple  streak In  the  lowest  slopes  the  ore 

occurs  in  silicified  limestone-rock,  in  parts  much  shattered  and  considerably  mixed 

with  clear  transparent   gypsum  and   fluorspar A  little  to  the  south  of 

the  ore-bearing  workings  the  limestone  is  intersected  by  a  dyke  of  decomposed 
porphyry.  ...  A  similar  dyke  cutting  through  limestone  in  the  same  district 
is  yielding  mercury  ore  of  fairly  good  quality. 

The  secondary  quicksilver  ore  of  Huitzuco,  known  as  barcenite,  will 
become  more  and  more  rare  as  the  surface -deposits  are  worked  away. 
This  mineral  was  discovered  by  Prof.  D.  Gumesindo  Mendoza,  was 
described  by  Prof.  J.  W.  Mallet,  and  named  by  him  after  Prof.  Mariano 
Barcena,  the  Mexican  geologist.^ 

Prof.  Mallet  regarded  it  as  a  mixture  of  sulphide  of  mercury, 
antimonic  acid  or  an  ochre  of  antimony  (Sb203,  5H20  or  H4Sb207,  3H20), 
and  an  antimoniate  of  lime,  mercury,  and  Sb205,  with  the  formula — 

|bO  |  5(Sb205),  where  R"0  =  HgOCaO. 

The  writer  regrets  to  say  that  Mr.  Romero  Rubio,  who  owned  the 
Huitzuco  quicksilver  mines  and  works,  died  quite  recently  at  his  home  in 
Mexico  city. 

The  meeting  then  terminated. 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  72.  t  Engineering  and   Mining  Journal 

[New  York],  June  29,  1895,  pages  607,  608,  with  three  views  of  the  furnaces  used. 

t  Boletin  de  lit  Sociedad  de  Qeografia  y  Estadutica  de  la  Republiea  JSfexicana, 
tereiera  ipoca,  vol.  iv.,  pages  270-283  ;  also  American  Journal  of  Science  for  1878. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL   ENGINEERS. 


GENERAL   MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

Febbuaby  15th    1896. 


Mb.  THOMAS  DOUGLAS,  Peesident,  in  the  Chaib. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  January  25  th 
and  that  day. 


The    following    gentlemen    were    elected,    having   been  previously 
nominated : — 

Membebs — 

Mr.  Chaeles  Jeffeeson  Clabk,  Mining  Engineer,  P.O.  Box  52,  Buluwayo, 
Matabeleland,  British  South  Africa. 

Mr.  Robebt  Clabk,  Mechanical  Engineer,  Singareni  Collieries,  Hyderabad 
Deccan  Company,  Limited,  Secunderabad,  India. 

Mr.  David  Dbapeb,  Geologist  and  Mining  Engineer,  P.O.  Box  460,  Johannes- 
burg, South  African  Republic. 

Mr.  M.  Eissleb,  Mining  Engineer,  165,  Pitt  Street,  Sydney,  New  South 
Wales. 

Mr.  Geobge  Rowland  Feabby,  Mining  Engineer  and  Reporter  on  Mines, 
Union  Bank,  Coolgardie,  Western  Australia. 

Mr.  William  Fbecheville,  Mining  Engineer,  Claremont,  Nutfield,  Redhill, 
Surrey. 

Mr.  James  M.  Hamilton,  Mining  Engineer,  El  Paso,  Texas,  U.S.A. 

Mr.  Duncan  Stuabt  Johnston,  Mine  Manager  for  the  New  Spes  Bona 
Gold-mining  Company,  P.O.  Box  116,  Johannesburg,  South  African 
Republic. 

Mr.  Caelos  F.  de  Landebo,  Mining  Engineer,  c/o  Real  del  Monte  Com- 
pany, P.O.  Box  1,  Pachuca,  Mexico. 

Mr.  Henby  Louis,  Professor  of  Mining,  -and  Mining  Engineer,  Durham 
College  of  Science,  Newcastle-upon-Tyne. 

Mr.  Hebbebt  T.  Mabks,  Consulting,  Mining,  and  Mechanical  Engineer, 
P.O.  Box  1941,  Johannesburg,  South  African  Republic. 
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Mr.  Henry  Willock  Rayexshaw,  Mechanical  and  Electrical  Engineer,  110, 

Cannon  Street,  London,  E.C. 
Mr.  Edward  G.  Stoiber,  Mine  Owner,  P.O.  Box  129,  Silverton,  Colorado, 

U.S.A. 
Mr.  John  James  Whitehead,  Mining  Engiueer,  5,  Cross  Street,  Manchester. 

Associate  Members — 
Mr.  Harry  S.  Ainsworth,  Belvedere,  Marine  Terrace,  Geraldton,  Western 

Australia. 
Mr.  John  Wilsox  Archibald,  Coolgardie,  Western  Australia. 
Mr.  C.  W.  Chapman,  Managing  Director,  the  Australian  Smelting  Company, 

Limited,  39,  Queen  Street,  Melbourne,  Australia. 
Mr.  E.  F.  X.  Cooper,  Stock  and  Share  Broker,  P.O.  Box  66,  Pretoria,  South 

African  Republic. 
Mr.  T.  R.  Gue,  President,  Acadia  Powder  Company,  Limited,  P.O.  Box  520, 

Halifax,  Nova  Scotia. 
Mr.  F.  L.  Inman,  Poste  Restante,  Johannesburg,  South  African  Republic. 

Associates — 
Air.  John  Brown,  Deputy  Overman,  13,  West  Street,  Brandon  Colliery,  Co. 

Durham. 
Mr.  Joseph  A.  Dixon,  Back  Overman,  Ellison  Road,  Dunston. 
Mr.  George  Stoker  Gordon,  Fore  Overman,  Louisa  Terrace,  West  Stanley. 
Mr.  Edward  Herron,  Under  Manager,  Holly  Terrace,  Stanley,  R.S.O. 
Mr.  Harold  Tarbuck,  Surveyor,  637,  Atherton  Road,  Hindley  Green,  near 

Wigan. 
Mr.  John  Urwin,  Under  Manager,  Inkerman  House,  Usworth  Colliery. 

Students — 
Mr.    George  Plunkett  Chaplin,   Mining   Student,   Durham    College   of 

Science,  Newcastle-upon-Tyne. 
Mr.  Charles  C.  Greene,  Mining  Student,  South  Durham  Colliery,  Eldon, 

Bishop  Auckland. 
Mr.  Hugh  Latimer,  Mining  Student,  South  Durham  Colliery,  Eldon,  Bishop 

Auckland. 
Mr.  Fred.  J.  Raine,  Mining  Student,  Cornsay  Colliery,  Co.  Durham. 
Mr.  Thomas  C.  Whitfield,  Mining  Student,  Cornsay  Colliery,  Co.  Durham. 
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DISCUSSION  UPON  THE  "REPORT  OF  THE  PROCEEDINGS 
OF  THE  EXPLOSIVES  COMMITTEE."* 
Mr.  A.  C.  Katll  read  the  "  Report  of  the  Proceedings  of  the  Flame- 
less  Explosives  Committee,  Parts  II.  and  III.,"  and  illustrated,  by  means 
of  a  diagram,  the  results  of  the  experiments  with  the  several  explosives  in 
the  various  gaseous  and  coal-dust  mixtures.  In  conclusion  he  said  that 
the  descriptions  of  the  coal-dust  ignitions  in  the  Report  were  somewhat 
tame.  The  Committee  could  only  describe  the  facts  without  embellish- 
ment, and  it  was  difficult  for  any  one  (who  had  not  seen  it)  to  realize  the 
terrible  intensity  of  a  coal-dust  ignition.  It  had  unfortunately  been  the 
lot  of  the  Committee  to  prove  a  negative,  namely,  that  safety-explosives 
were  not  flameless,  and  were  not  absolutely  safe.  He  ventured,  however, 
the  opinion  that  the  Committee  had  done  no  mean  service  in  face  of  the 
almost  absolute  confidence  which  was  placed  in  safety-explosives  at  the 
time  when  the  experiments  were  commenced.  These  explosives  were 
very  important  and  very  valuable  inventions,  and  they  need  only 
compare  their  safety  with  blasting-powder  or  the  gelatinous  forms  of 
nitro-glycerine  to  acknowledge  that  a  step  forward  had  been  made 
towards  realizing  the  hopes  of  perfect  immunity  from  danger  when  using 
explosives  for  mining  purposes. 

The  President  said  that  in  the  Report  the  words  "ignition," 
"  inflammation,"  and  "  explosion  "  were  variously  used  ;  he  asked  if  these 
different  words  were  intended  to  have  any  relative  significance  ;  in  one 
place  it  was  stated  that  a  violent  ignition  caused  "  the  cannon  to  recoil  for 
a  length  of  4  inches."!  Was  that  recoil  due  to  the  force  of  the  explosion 
or  was  it  attributed  to  the  firing  of  the  shot  ? 

Mr.  Kayll  said  there  was  no  recoil  at  all  from  firing  the  shot.  Recoil 
was  produced  by  the  pressure  in  the  tube  resulting  from  the  ignition  of 
the  dust.  The  words  referred  to  by  Mr.  Douglas  had  no  distinctive 
difference  ;  throughout  the  Report  they  spoke  of  "  igniting  "  an  explosive 
mixture,  rather  than  "  exploding  "  an  explosive  mixture  :  and  there  was 
no  intended  distinction  in  the  use  of  the  three  terms — inflammation — 
ignition — or  explosion. 

*  Trait*.  Fed.  Inst.,  vol.  viii.,  pages  227  and  593;  vol.  ix.,  pages  115.  206,  and 
274  ;  and  vol.  x.,  pages  38,  197,  and  492. 

f  Report,  page  88. 
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Mr.  A.  L.  Steavenson  said  he  would  not  attempt  for  a  moment 
to  criticize  the  final  Report,  but  there  were  one  or  two  points  which  he 
would  like  to  emphasize.     It  ^as  stated  that  the  Coal  Mines  Regulation 
Act  "  enacted  that  in  a  gaseous  or  dusty  mine  an  explosive  which  cannot 
ignite  gas  or  coal-dust  may  only  be  employed."  *     It  was  quite  clear 
from  the  Report  that  no  such  explosive  was  available,  and  those  who 
were  using  high  explosives  were  possibly  breaking  the  law.     If  there 
were  any  amendment  of  the  Coal  Mines  Regulation  Act  this  fact  should 
be  borne  in  mind,  and  the  phrase  should  be   altered   to   "  that   could 
hardly  ever  ignite  coal-dust."     There  would  probably  be  a  conference 
shortly  between  the  representatives  of   colliery  owners  and   workmen, 
and  he  would  recommend  that  their  attention  should  be  drawn  to  the 
difficulty  which  they  met  with  from  the  workmen  themselves  in  regard 
to  both  the  payment  for  and  use  of  high  explosives.     It  was  stated  that 
"  the  possibility  of  common  blasting-powder  igniting  coal-dust  may  be 
accepted,  but  the  conditions  necessary   to  such   ignition   have   yet  to 
be  determined,"  f  and  that  point  must  not  be  lost  sight  of  in  any  further 
experiments  which  might  be  made.     He  presumed  that  the  dust  in  all 
cases  was  dry  and  as  fine  as  it  could  be.     It  would  be  impossible,  he 
supposed,   to   test   the   fineness   of   the   dust,  but   no  doubt  it  was  of 
impalpable  fineness.     The  Report  seemed  to  show  that  no  safety-explo- 
sive was  safer  than  another,  and  he  had  told  his  workmen  that  if  there 
was  any  one  which  they  preferred  he '  would  endeavour  to  get  it  for 
them  to  use.     It  was  also  stated  that  the  "  retarded  ignitions  of  explosive 
mixtures  of  coal-gas  and  the   point  of  first  ignition  of  gas  mixtures 
occurring  many  feet  distant  from  the  cannon  are  interesting  features 
in   the   enquiry."  J     He   supposed   that   was    owing    to   the  particular 
temperature  required  to  cause  an  explosion,  and  that  it  was  only  when 
the  flame  extended  to  a  certain  distance  from  the  hole  that  it  attained 
such  a  temperature  as  would   cause  the  ignition  or  explosion   of  the 
gases  or  coal-dust.      He   must   congratulate   the   Committee  and   Mr. 
Kayll  on  the  results  of  their  labours. 

The  President  asked  whether  there  was  any  way  in  which  the  results 
arrived  at  by  the  Committee  could  be  compared  with  those  published 
by  other  Commissions,  the  French,  the  German,  the  Prussian,  etc.? 

Mr.  Kayll  said  that  the  explosives  themselves  differed  so  much,  as 
manufactured  and  used  in   this   and   other  countries,  that  the  experi- 
ments made  by  the  different  Commissions  could  hardly  be  said  to  have 
been  made  with  the  same  explosives.    Practically,  the  only  experiments 
*  Report,  page  84.        f  Ibid.,  page  84.        %  Ibid.,  page  108. 
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conducted  on  the  same  lines  as  those  of  this  Committee  were  those  of 
Mr.  Winkhaus,  who  had  been  endeavouring  to  demonstrate  that  explosives 
when  used  in  certain  quantities  were  dangerous ;  that  is  to  say,  that 
when  they  got  below  4  ounces  there  ceased  to  be  danger.  Mr.  Wink- 
haus  could  not  see  flames  produced  from  the  explosives  which  he  had 
tested,  and  he  was  very  much  astonished  to  see  for  himself  the  flames 
produced  (at  the  Hebburn  testing-station)  from  explosives  which  he 
(Mr.  Winkhaus)  said  could  not  ignite  dust  or  gas.  Neither  Mr. 
Winkhaus  nor  himself  had  been  able  to  account  for  this  presence  or 
absence  of  flame — it  might  be  due  to  some  difference  in  the  construction 
of  the  respective  testing-apparatus. 

Mr.  John  Gerrard  (H.M.  Inspector  of  Mines,  Manchester)  wrote 
that  he  had  perused  the  Report  with  pleasure.  He  thought  that  the 
thorough  way  in  which  this  important  matter  had  been  taken  up  by 
the  Institute,  the  immense  amount  of  time  given,  and  the  able  considera- 
tion devoted  to  it  by  the  Committee,  ought  to  secure  the  high  apprecia- 
tion of  the  whole  mining  world.  There  could  hardly  be  a  doubt  that  the 
fifth  conclusion*  was  thoroughly  wise — safety-explosives  should  be  used 
under  the  same  precautions  as  gunpowder.  It  was  stated  of  "  four  experi- 
ments .  .  .  the  last  shot  ignited  the  mixture  ;  "  t  if  the  conditions 
were  the  same  in  all  four  experiments  one  wished  to  know  why  the  fourth 
produced  a  different  result.  The  only  difference  he  could  discover  was 
that  of  temperature,  but  that  was  apparently  slight.  The  difference 
between  No.  1  experiment  and  No.  9  is  but  as  51  to  67  degs.J 

Prof.  Vivian  B.  Lewes  (Greenwich)  wrote  that  he  had  read  the 
concluding  Report  of  the  Committee  with  the  greatest  possible  interest ; 
the  deductions  and  experiments  seem  to  him  to  point  conclusively  to  the 
truth  of  his  theory  as  regards  blasting-powder,  but  curiously  enough 
carbonite,  which  gives  so  very  large  a  volume  of  carbon  monoxide,  has 
not  apparently  given  rise  to  any  explosions.  He  thought,  however,  that 
the  explanation  of  this  difference  is  to  be  found  in  the  fact  that  the 
combustion  is  so  damped  down  by  the  inert  bodies  added,  that  in  its 
explosion  a  sufficient  temperature  was  not  produced  to  ignite  the  explosive 
mixture,  but  that,  if  the  cause  for  ignition  existed,  the  fumes  given  off 
by  carbonite  would  be  sufficient  to  convert  the  dusty  air  into  an  explosive 
mixture. 

Mr.  Henry  Hall  (H.  M.  Inspector  of  Mines,  Liverpool)  wrote  that, 
as  the  work  of  the  Committee  was  now  finished,  he  was  of  opinion  that  the 

*  Report,  page  110.        f  Ibid.,  page  93.         %  Ibid.,  page  112. 
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expenditure  of  time  and  money  had  been  amply  repaid  by  the  important 
and  definite  conclusions  which  the  Committee  had  been  able  to  announce 
as  the  result  of  their  labours,  and,  after  a  careful  examination  of  the 
Beveral  Reports,  he  was  satisfied  that  these  conclusions  are  justified  and  true. 

The  particular  phase  of  the  experiments  to  which  exception  can  be, 
and  has  beeu,  taken  is  the  fact  of  the  very  small  charges  of  explosive 
which  were  used,  but  that  method  had  this  advantage,  viz. :  that  stemmed 
shots  could  be  used,  and  by  this  means  the  Committee  were  able  to  show 
the  salutary  effect  of  stemming. 

It  is  true  that  we  are  left  somewhat  in  the  dark  as  to  what  might 
happen  if  working  charges  of,  say,  from  12  to  20  ounces  were  fired  with 
conditions  similar  to  those  under  which  the  smaller  charges  were  used. 
On  this  point  Mr.  Winkhaus'  experiments,  some  of  which  he  had  the 
pleasure  of  witnessing,  throw  some  light ;  the  impression  they  left  was 
that  as  the  weight  of  charge  was  increased  so  the  liability  to  ignition  was 
increased. 

It  is  suggested  in  the  Report"  that  even  an  explosive  mixture  of 
pit-gas  and  air  becomes  more  dangerous  and  more  easily  ignited  if  there 
be  mixed  with  it  quite  small  quantities  of  coal-dust.  In  corroboration 
of  this  opinion,  it  is  mentioned  that  one  or  two  of  the  explosives  which, 
when  stemmed,  failed  to  ignite  mixtures  of  air  and  fire-damp,  did  ignite 
similar  mixtures  when  coal-dust  had  been  added.  Now,  it  is  well-known 
that  an  atmosphere  of  air  and  fire-damp,  in  itself  below  the  explosive 
point,  becomes  explosive  by  the  addition  of  coal-dust,  indeed  it  has  been 
pointed  out  by  Sir  Frederick  Abel  that  this  result  happened  when  the 
dust  is  of  a  non-carbonaceous  character.  Sir  Frederick  explained  why 
this  was  so,  but  he  did  not  remember  the  explanation  at  the  moment ; 
the  phenomenon  was  no  doubt  due  more  to  a  mechanical  than  a  chemical 
cause,  and  would  operate  in  both  explosive  and  non-explosive  atmospheres 
alike. 

It  is  important  to  notice  that  the  experiments  of  the  Committee  showf 
that  comparatively  small  quantities  of  coal-dust  will,  under  certain  con- 
ditions, produce  an  explosive  atmosphere,  and  they  point  out  that  this  is 
contrary  to  the  view  generally  held  by  mining  engineers.  He  (Mr.  Hall) 
had  often  heard  it  stated  by  experts  that  the  air  in  a  colliery  would  need 
to  be  so  heavily  charged  with  dust  before  any  great  danger  could  exist  as 
to  be  unbearable  to  those  working  in  it ;  personally,  he  had  always  opposed 
this  view  because  he  was  quite  satisfied  that  several  of  the  most  violent 
explosions  in  the  experimental  pit  at  White  Moss  occurred  when  the  air 
in  the  shaft  was  very  lightly  charged  with  dust. 
*  Page  90.        f  Report,  page  84. 
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Those  who  carefully  studied  the  final  Report  of  the  Committee  could 
not  fail  to  be  convinced  that  in  dry  coal-dust  we  have  to  reckon  with  an 
agent  capable  of  even  more  disastrous  effects  than  fire-damp  itself,  and  he 
thought  that  he  was  justified  in  stating  that  the  Report  affords  a  most 
decisive  confirmation  of  what  is  known  as  the  "  coal-dust  theory." 

He  would  now  refer  to  one  statement  which  did  not  appear  to  be 
quite  accurate  : — It  was  stated  that  "  The  possibility  of  danger  in  mines 
resulting  from  the  use  of  blasting-powder  being  established,  led  to  the 
stringent  clauses  in  the  Coal  Mines  Regulation  Act,  1887,  where  it  is 
enacted  that  in  a  gaseous  or  dusty  mine  an  explosive  which  cannot  ignite 
gas  or  coal-dust  may  only  be  employed."*  Now,  as  a  matter  of  fact, 
blasting-powder  or  any  explosive  may  be  used  under  the  existing  Act  of 
Parliament  in  a  gaseous  or  dusty  mine,  the  only  condition  precedent  to 
using  blasting-powder  is,  that  there  must  not  be  a  dangerous  accumulation 
of  fire-damp  within  the  ventilating  district  where  it  is  proposed  to  be  used. 
If  the  mine  be  dusty,  blasting -powder  may  be  used  after  wetting  the  locality 
of  the  shot.  It  is  true  that  if  these  conditions  were  always  rigidly  adhered 
to  all  would  end  well,  but  the  practical  difficulties  to  be  overcome  in  order 
to  ensure  these  conditions  are  great.  Hence,  so  long  as  dangerous 
explosives  are  admitted  into  mines  of  a  gaseous  and  dusty  character  there 
will  continue  to  be  disasters  from  time  to  time. 

In  conclusion,  he  would  respectfully  draw  the  attention  of  the  Com- 
mittee to  the  very  mild  expression  of  opinion  that  "  high  explosives  are 
less  liable  than  blasting-powder  to  ignite  inflammable  mixtures  of  air  and 
fire-damp,  air  and  coal-dust,  and  air,  fire-damp,  and  coal-dust. "t  On  read- 
ing this  paragraph  he  asked  himself  the  question — Is  this  all  ?  "  Less 
liable."  By  reference  to  Table  K,J  where  details  are  given  of  experiments 
with  stemmed  shots  of  the  various  explosives  fired  into  coal-dust  in  sus- 
pension, it  will  be  found  that  100  shots  were  fired  with  safety-explosives 
without  a  single  ignition  of  dust,  whilst  under  precisely  the  same  con- 
ditions out  of  7  shots  with  gunpowder  6  ignited  the  dust.  The  whole 
Report  is  strong  evidence  of  the  danger  of  such  explosives  as  blasting- 
powder,  and  the  comparative  safety  of  the  safety-explosives  in  pit-gas,  and 
air  or  coal-dust,  when  fired  with  stemming,  and  when  we  remember  that 
blown-out  shots  with  the  safety-explosives  are,  he  believed,  unknown,  this 
view  is  much  strengthened. 

Mr.  H.  Bigg-Wither  (Wigan)  wrote  with  regard  to  the  communica- 
tion, re  analysis  of  roburite,  made  by  Prof.  Bedson.§     The  maximum 

*  Report,  page  84.        j  Ibid.,  page  110.         j  Ibid.,  pages  123-127. 
§  Trail*.  Fed.  Inst.,  vol.  x.,  page  40. 
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quantity  of  chlorine  allowed  to  be  used  in  roburite  could  be  easily  calcu- 
lated, taking  as  data  (a)  the  definition  of  roburite  contained  in  the  Annual 
Report  of  H.M.  Inspectors  of  Explosives,  and  (b)  the  proportions  of  ingre- 
dients used.*  There  still  appears  to  be  a  great  misconception  on  this 
chlorine  question,  which  may  have  arisen  from  the  fact  that  the  substance 
hitherto  used  in  the  manufacture  of  roburite  has  been  described,  perhaps 
wrongly,  as  " chloro-dinitro-benzole,"  instead  of  "chlorinated  dinitro- 
benzole,"  which  is  the  official  definition  in  the  list  of  authorized  explosives. 
He  (Mr.  Bigg-"Wither)  gave  below  copies  of  the  schedule  attached  to  the 
license  of  the  Roburite  Explosives  Company,  defining  from  time  to  time 
the  composition  of  roburite  as  authorized  to  be  manufactured  by  the 
Secretary  of  State  : — 

I. — Previous  to  July,  1888  :— 

Consisting  of  a  mixture  of  nitrate  of  ammonium  and  thoroughly  purified 
chlorinated  dinitro-benzole ;  provided  that  such  chlorinated  dinitro-benzole  shall 
not  contain  more  than  4  parts  by  weight  of  chlorine  to  every  100  parts  by  weight 
of  the  chlorinated  dinitro-benzole. 

II.— After  July,  1888  :— 

Consisting  of  a  mixture  of  nitrate  of  ammonium  and  thoroughly  purified 
chlorinated  dinitro-benzole,  with  or  without  the  addition  of  thoroughly  purified 
chloro-nitro-naphthalene  and  chloro-nitro-benzole ;  provided  (a)  that  such  chlorin- 
ated dinitro-benzole  shall  not  contain  more  than  4  parts  by  weight  of  chlorine  to 
every  100  parts  by  weight  of  chlorinated  dinitro-benzole,  and  (&)  that  the  pro- 
portions of  chloro-nitro-naphthalene  and  chloro-nitro-benzole  shall  not  amount 
to  more  than  2  per  cent,  and  5  per  cent,  respectively  of  the  finished  explosive. 

III.-— Until  recently : — 

Consisting  of  (a)  nitrate  of  ammonium,  with  or  without  an  admixture  of 
nitrate  of  sodium  and  neutral  sulphate  of  ammonium,  or  either  of  them,  provided 
that  the  amount  of  nitrate  of  sodium  shall  in  no  case  exceed  50  per  cent,  of  the 
total  amount  of  nitrates  present ;  and  (Z»)  thoroughly  purified  chlorinated  dinitro- 
benzole,  with  or  without  the  addition  of  thoroughly  purified  chloro-nitro-naphtha- 
lene and  chloro-nitro-benzole;  provided  (1)  that  such  chlorinated  dinitro-benzole 
shall  not  contain  more  than  4  parts  by  weight  of  chlorine  to  every  100  parts  by 
weight  of  chlorinated  dinitro-benzole ;  and  (2)  that  the  proportions  of  chloro-nitro- 
naphthalene  and  chloro-nitro-benzole  shall  not  amount  to  more  than  2  per  cent, 
and  5  per  cent,  respectively  of  the  finished  explosive. 

In  No.  I.  definition,  the  organic  substance  is  defined  as  chlorinated 
dinitro-benzole  with  a  maximum  of  4  parts  by  weight  of  chlorine  to  every 
100  parts.  In  No.  II.  license,  leave  is  granted  to  add,  if  desired,  either 
chloro-nitro-naphthalene  and  chloro-nitro-benzole,  limited  to  certain 
quantities.  This  permission  was  granted  owing  to  the  difficulty  of 
chlorinating  dinitro-benzole  directly  :  nitro-naphthalene  or  nitro-benzole, 
*  Report,  page  16. 
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which  are  more  easily  chlorinated,  being  used  as  carriers  of  chlorine  to 
chlorinate  the  dinitro-benzole,  the  quantity  again  being  fixed  at  4  per 
cent.  In  No.  III.  license,  the  chlorinated  dinitro-benzole  still  remains 
the  same,  but  permission  was  granted  to  add  other  substances  with  nitrate 
of  ammonium,  and  when  other  substances  were  added  the  definition  was 
given  separately  as  roburite  No.  2,  and  the  definition  under  No.  III.  alone 
was  named  roburite  No.  1. 

For  the  past  six  years,  roburite  has  consisted  of  chlorinated  dinitro- 
benzole  and  nitrate  of  ammonium,  the  addition  of  the  other  substances 
having  been  discarded  after  experiments  with  some  of  the  various  possible 
mixtures.  The  only  real  alteration,  besides  varying  the  proportions  of 
the  two  components,  chiefly  in  the  direction  of  increasing  the  weight  of 
nitrate  of  ammonium,  has  been  the  substitution  of  nitro-naphthalene  in 
1892  as  the  chlorine  carrier  for  nitro-benzole,  which  was  used  during  the 
first  few  years. 

The  above  details  have  been  given  at  some  length,  in  order  that  there 
should  be  no  further  misconception  on  the  subject.  It  will  be  seen  that 
from  the  very  first  the  manufacturers  have  been  limited  to  a  maximum  of 
4  per  cent,  of  chlorine  in  the  chlorinated  dinitro-benzole.  Taking,  then, 
the  proportions  given  in  the  Committee's  Report,  13  parts  of  chloro- 
dinitro-benzole*  and  87  parts  of  nitrate  of  ammonium,  the  maximum 
quantity  of  chlorine  permissible  would  only  be  0'52  per  cent,  in  the 
finished  roburite  instead  of  about  2*2  percent.,  which  appears  to  have  been 
the  idea  with  some  people. 

Mr.  J.  S.  Martin  (H.M.  Inspector  of  Mines,  Bristol)  wrote,  hoping 
that  the  conclusions  of  the  Committee,  as  well  as  the  unfortunate 
experience  gained  by  repeated  accidents,  would  have  the  effect  of  causing 
those  interested  in  coal-mines  to  realize  the  gravity  of  using  any  but  the 
most  approved  safety-explosives,  as  well  as  the  use  even  of  these  when  the 
ordinary  shifts  are  employed  in  the  mine.  The  Camerton  explosion  in 
1893,  and  the  Timsbury  explosion  in  1895  (upon  which  he  had  specially 
reported),  both  occurring  in  absolutely  non-fiery  mines,  had  converted  him 
very  strongly  to  this  view,  and  even  these  views  had  been  strengthened 
by  the  experiments  (which,  accompanied  by  his  colleague,  Mr.  H.  Hall, 
he  had  had  the  pleasure  and  advantage  of  witnessing  at  Schalke,  near 
Gelsenkirchen,  Westphalia,  in  October  last)  conducted  by  Mr.  Winkhaus 

He  believed  that  neither  managers  nor  under-officials  realize  what  a 
small  quantity  of  coal-dust   is   sufficient,   under   certain   conditions,  to 

*  It  should  read  "  chlorinated  dinitro-benzole." 
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create  very  serious  results  in  connexion  with  shot-firing.    He  (Mr.  Martin) 
had  only  comparatively  recently  done  so. 

Mr.  J.  Gr.  Weeks  asked  whether  the  Committee  were  of  opinion  that 
coal-dust  from  a  shallow  mine  would  have  the  same  effect  as  that  from 
the  deep,  dry  and  dusty  mines  of  Durham. 

Mr.  J.  L.  Hedley  (H.M.  Inspector  of  Mines,  Newcastle-upon-Tyne) 
said  that  the  Committee  had  not  made  special  experiments  on  coal-dust ; 
they  were  simply  appointed  to  ascertain  whether  safety -explosives  would 
ignite  coal-dust.  Mr.  Weeks  probably  assumed  that  the  dust  from  the 
deeper  mines  in  Durham  would  be  more  explosive  or  more  liable  to 
ignition  than  the  dust  from  the  shallower  mines.  That  might  be  so  or 
not,  but  the  Committee  had  not  made  any  experiments  as  to  the  different 
kinds  of  dust,  for  the  reason  that  they  had  not  had  time  and  were  not 
instructed  to  do  so. 

Mr.  J.  G.  "Weeks  said  it  might  possibly  follow,  then,  that  some  of 
the  explosives,  which  had  fired  the  coal-dust  used  in  the  experiments, 
would  have  proved  perfectly  safe  if  applied  to  Northumberland  coal-dust. 
He  (Mr.  Weeks)  had  heard  the  Durham  and  Northumberland  collieries 
described,  so  far  as  gas  was  concerned,  as  being  divided  into  three  zones 
or  belts.  In  the  first  of  which,  the  shallow  pits,  there  was  no  gas ;  in  the 
second,  somewhat  deeper,  gas  was  found;  and  in  the  third,  or  lowest, 
there  was  less  gas,  where,  owing  to  the  depth,  the  temperature  was 
greater.  There  might  possibly  be  something  similar,  as  regards  the 
liability  of  dust  to  ignition  from  mines  of  various  depths,  arising  from 
the  quality  and  nature  of  the  dust  and  of  the  coal-seams. 

The  President  said  that  the  reports  of  the  various  foreign  Commissions 
were  carefully  worded,  and  like  that  of  their  own  Committee  said  that 
certain  things  might  occur.  His  own  experience  led  him  to  be  very 
doubtful  as  to  what  might  happen  with  coal-dust  alone.  His  experience 
went  back  to  the  time  when  they  were  working  with  corves  and  cranes  at 
"Wallsend  ;  when  shots  were  fired  in  coal-dust,  and  when  the  light  from 
the  lamp  gave  off  scintillations  in  every  direction,  and  he  had  often  been 
surprised  that  explosions  did  not  occur  almost  daily.  From  the  Report, 
it  appeared  that  a  great  many  of  the  ignitions  did  occur  with  dust  in 
suspension,  and  not  with  dust  in  situ.  They  knew  very  well  that  in  the 
deep  mines,  large  quantities  of  dust  were  continually  in  suspension,  but 
he  now  thought  that  any  single  colliery  might  be  picked  out  as  essen- 
tially dangerous,  and  the  use  of  explosives  might  be  prohibited.     Some 
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collieries  were  certainly  more  dangerous  than  others,  and  the  condition  of 
the  mines  should  be  taken  into  consideration  in  saying  whether  explosives 
of  a  defined  kind  should  be  permitted.  This  question  was  not  considered 
in  the  Report  of  the  Committee,  but  it  was  a  subject  to  be  taken  into 
account  in  considering  what  explosives  should  be  used. 

Mr.  M.  W.  Parring-ton,  referring  to  the  President's  remarks  and  the 
observations  that  he  had  made  with  regard  to  coal-dust  in  suspension  in  deep 
mines,  said  that  the  question  had  been  raised  in  his  own  mind  as  to  the 
conditions  under  which  coal-dust  became  most  dangerous ;  and  the  con- 
ditions as  to  the  volume  of  air  passing  at  the  time.  It  appeared  to  him 
that  several  serious  explosions  had  been  attributed  to  shots  fired  in  air- 
ways where  large  volumes  of  air  had  been  passing,  and  it  was  a  question 
yet  to  be  decided  whether  that  was  not  the  most  dangerous  part  of  a  mine 
in  which  to  fire  a  shot,  where  there  was  coal-dust,  and  he  thought  this 
pointed  to  the  great  desirability  of  testing  coal-dust  under  different 
velocities  of  air-current  in  which  it  was  suspended.  He,  like  the 
President,  had  had  many  opportunities  of  observing  the  conditions  in 
broken  juds  in  deep  mines,  where  the  atmosphere  was  very  thick  with  sus- 
pended coal-dust,  and  yet  did  not  appear  to  be  dangerous,  so  far  as  could 
be  judged  from  t  he  effects  on  the  flame  of  a  safety-lamp. 

Mr.  J.  G-.  Weeks  said  that  at  certain  collieries  some  hundreds  of 
shots  of  blasting-powder  had  been  fired  daily  in  coal  and  stone 
during  the  last  forty  or  fifty  years  without  an  explosion  occurring.  As 
ignition  only  took  place  occasionally  even  with  safety-explosives  after 
many  previously  unsuccessful  trials  of  them  by  the  Committee,  it  might 
naturally  be  inferred  that  a  peculiar  set  of  special  conditions,  as  yet 
unknown,  was  needed  to  produce  such  ignitions  ;  these  conditions  were 
not  likely  to  occur  in  practice,  while  mining  in  pits  of  ordinary  depths 
judging  from  their  past  immunity  from  accidents.  Consequently  pro- 
hibition of  any  explosive,  should  therefore  be  sectionally  and  not  uni- 
versally applied. 

The  President  said  that  he  had  listened  to  the  reading  of  the  Report 
with  great  pleasure,  and  more  especially  owing  to  the  happy  manner  in 
which  it  had  been  illustrated  by  Mr.  Kayll.  He  was  sorry  that 
Mr.  "W.  Lishman,  the  chairman  of  the  Explosives  Committee,  had  been 
compelled,  at  an  early  period,  to  retire  from  taking  an  active  part  in  the 
work  of  the  Committee,  but  Mr.  Hedley  as  vice-chairman  had  performed 
his  duties  most  efficiently,  and  to  that  gentleman  and  to  Mr.  Kayll,  who 
had  brought  before  them  a  Report  which  would  be  of  great  value  in  the 
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future,  their  best  thanks  were  due.  He  had  pleasure  in  moving  that  the 
thanks  of  the  Institute  be  given  to  the  members  of  the  Flameless 
Explosives  Committee  for  their  valuable  and  exhaustive  report,  and  he 
especially  congratulated  Mr.  Hedley  and  Mr.  Kayll  upon  the  happy 
conclusion  of  their  labours. 

Mr.  M.  "W.  Partington  seconded  the  proposal,  which  was  cordially 
adopted. 

Mr.  J.  L.  Hedley,  replying  on  behalf  of  the  members  of  the 
Committee,  said  that  in  the  absence  of  the  chairman  (Mr.  AY.  Lishman) 
he  could  only  return  the  sincere  thanks  of  the  Committee  for  the 
expression  of  approval  of  their  work  during  the  last  four  or  five  years. 
He  felt  sure  that  the  members  of  the  Committee  would  feel  gratified  to 
know  that  their  services,  whatever  they  may  have  been,  had  not  only 
been  appreciated  by  the  members,  but  by  mining  engineers  at  a  distance, 
as  had  been  testified  by  the  communications  read  that  day.  The  Com- 
mittee had  done  their  best  in  the  matter  ;  they  were  willing  to  admit 
there  were  many  things  that  they  might  have  done,  but  time  was  short,  and 
they  were  limited  to  the  work  which  they  were  appointed  to  perform.  It 
was  possible  that  in  the  future  there  might  be  many  questions  requiring 
attention  arising  from  this  Report.  He  himself  could  not  always  devote 
his  time,  but  there  were  other  members  of  the  Committee  who  would  be 
only  too  pleased  to  give  their  services  to  the  welfare  of  the  Institute  in 
any  direction  that  they  might  be  requested.  Personally,  he  was  extremely 
obliged  to  the  President  for  his  kindly  remarks,  and  he  thought  that  he  was 
right  in  saying  that  every  member  of  the  Committee  would  be  equally 
thankful  for  the  friendly  appreciation  of  their  services. 

Mr.  A.  C.  Kayll  briefly  responded. 


The  meeting  was  then  closed. 
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THE   NORTH  OF   ENGLAND   INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

April  25th,   1S96. 


Mr.  THOMAS  DOUGLAS,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  March  28th 
and  that  day. 

The  proceedings  of  the  Council  of  The  Federated  Institution  of 
Mining  Engineers  were  reported. 


The  following  gentlemen  were  elected,  having  been  previously  nom- 
inated : — 

Members — 
Mr.  John  Ashworth,  Mining  Engineer,  8,  King  Street,  Manchester. 
Mr.  John  E.  Breakell,  Mining  and  Metallurgical  Engineer,  Transito  Mine, 

Ibaque,  Tolima,  Republic  of  Colombia,  South  America. 
Mr.  J.  Parke  Channing,  Consulting  Engineer,  34,  Park  Place,  New  York 

City,  U.S.A. 
Mr.    William  John  Charlton,    Engineer,  Ashington   Colliery,   Morpeth, 

Northumberland. 
Mr.  Walter  Currie,  Mining  Engineer,  P.O.  Box  102,  Bulawayo,  Rhodesia, 

South  Africa. 
Mr.    George   William   Eustice,   General    Manager   of   the   Frontino  and 

Bolivia  Gold  Mines,  184,  Gresham  House,  Old  Broad  Street,  London, 

E.C. 
Mr.  Alberto  Figari,  Mining  Engineer,  Apartado  No.  255,  Lima,  Peru. 
Mr.  F.  G.  de  Visme  Gipps,  Mining  Engineer,  Coolgardie,  Western  Australia, 
Mr.  J.  B.  Hobson,  Mining  Engineer,  Cariboo  Hydraulic  Mining  Company,, 

Limited,  Vancouver,  British  Columbia. 
Mr.  Algernon  Edward  Johnson,  Civil  Engineer,  County  Court  Buildings, 

Wrexham. 
Mr.  Henry  Mellon,  Mining  Engineer,  Brook  Lea,  Askam-in-Furness. 
Mr.  Frank  Reed,  Government  Inspector  of  Mines,  Perth,  Western  Australia. 
Mr.  John  Baseley  Selby,  Mining  Engineer,  Leigh,  Lancashire. 
Mr.   William  Thomlinson,    General  Manager   for  the  Seaton  Carew  Iron 

Company,  Limited,  Seaton  Carew,  R.S.O. 
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Associate  Members — 

Dr.  Charles  Chewings,  Geologist,  Coolgardie,  Western  Australia. 

Mr.  Albert  Spencer  Ellam,  General  Manager,  West  Australian  Gold  Con- 
cessions, Limited,  Coolgardie,  Western  Aiistralia,  and  33,  Old  Broad 
Street,  London,  E.C. 

Mr.  T.  Sidney  Hargreaves,  Institute  of  Mines  and  Forests,  Georgetown, 
British  Guiana. 

Mr.  Frederic  0.  Kirkup,  Colliei-y  Manager,  Bitchburn  Colliery,  Crook, 
R.S.O. 

Prof.  Hj.  Sjogren,  Osmo-Nynas,  Sweden. 

Mr.  Henry  Times,  Deputy  Chairman,  West  Australian  Gold  Concessions, 
Limited,  33,  Old  Broad  Street,  London,  E.C. 

Associate — 
Mr.  John  Lightley,  Deputy  Overman,  Shire  Moor  Colliery. 


BRAXCEPETH  COLLIERY  ACCIDENT. 

The  President,  alluding  to  the  recent  deplorable  accident  at  Brance- 
peth  colliery,  proposed  a  vote  of  sympathy  and  condolence  with  the 
relatives  of  the  unfortunate  workmen  who  had  been  killed  or  injured, 
with  the  owners  of  the  colliery,  and  with  the  agents,  who  had  endeavoured 
to  secure  the  safety  of  the  workmen  as  far  as  possible. 

Mr.  T.  W.  Benson  seconded  the  motion,  which  was  unanimously 
adopted. 


DISCUSSION  OX  MR.  JOHN  JAMESON'S  PAPER  ON  THE 
"RECOVERY  OF  BYE-PRODUCTS  IN  THE  MANU- 
FACTURE OF  HARD  COKE."* 

Mr.  Henry  Aitken  (Falkirk)  wrote,  with  reference  to  Mr.  Jameson's 
statement  that  the  Aitken  coke-ovens  were  worked  under  pressure  (there- 
by inferring  that  the  pressure  forced  the  gases  out  at  the  bottom  of  the 
oven,  and  that  the  products  of  combustion  passed  through  the  coke),  that 
it  was  incorrect.  When  he  (Mr.  Aitken)  first  worked  his  ovens,  they  were 
worked  by  drawing  off  a  portion  of  the  gases  from  the  bottom  of  the  oven, 
and  burning  the  remainder  of  the  gases  at  the  top,  in  the  usual  manner. 
This  was  what  he  understood  Mr.  Jameson  called  his  method;  but  he  (Mr. 
Aitken)  worked  ovens  in  this  manner  years  before  anything  was  known 
of  the  Jameson  process.  The  results  got  by  working  in  this  way  were 
not  so  good  as  he  desired,  and  he  improved  the  quality  of  the  coke  by 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  330. 
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consuming  a  portion  of  the  gases  on  the  top,  by  forcing  in  heated  air  at 
numerous  small  holes  round  the  top  of  the  oven,  and  so  coked  the  coal, 
the  air  being  heated  by  the  heat  in  the  coke-oven  gases  before  going  into 
the  oven,  no  air  being  allowed  to  come  down  on  the  coke  in  the  oven. 
This  modification  gave  much  better  coke,  but  the  yield  of  ammonia  and  oil 
was  not  so  high  as  he  had  anticipated,  so  he  drew  the  whole  of  the  volatile 
gases  down  through  the  hole  in  the  bottom  of  the  ovec,  and  condensed 
and  scrubbed  the  ammoniacal  liquor  and  oil  from  them,  and  sent  the  gas 
back  into  the  top  of  the  oven,  introducing  it  at  numerous  small  holes 
under  the  air-holes.  In  this  way  the  coke  made  was  perfect,  the  tempera- 
ture being  very  high,  and  the  yield  of  bye-products  and  coke  much 
increased.* 

Mr.  John  Jameson  wrote  that  Mr.  Aitken  appeared  to  cast  a  doubt 
upon  the  novelty  of  the  Jameson  process,  if  not  to  deny  it  altogether. 
He  had  only  to  remark  that,  if  Mr.  Aitken  could  have  demonstrated  what 
he  now  appeared  to  assert,  he  would  have  voided  the  Jameson  patent  in 
the  very  height  of  its  apparent  success.  Mr.  Aitken  was  present  at  the 
reading  of  his  (Mr.  Jameson's)  paper  before  the  Iron  and  Steel  Institute 
in  1883,  and  (he  believed)  took  part  in  the  discussion  upon  it,  and, 
like  all  other  enquirers,  was  supplied  with  all  possible  information. 
There  is,  however,  one  other  point  which  is  not  irrelevant.  If  Mr. 
Aitken,  as  he  says,  worked  the  Jameson  process,  he  could  not  have  escaped 
the  difficulties  which  for  years  hindered  its  commercial  success,  unless  he 
had  some  means  which  are  yet  undisclosed  of  overcoming  these  difficulties. 
He  might  add  that  his  experimental  oven  was  built  and  tried  in  1854, 
long  before  (he  believed)  Mr.  Aitken's  first  experiment. 


DISCUSSION  UPON  THE  "REPOET  OF  THE  PROCEEDINGS 
OF  THE  EXPLOSIVES  COMMITTEE."  f 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines,  Derby)  desired  to  point 
out  that  his  remarks,  recorded  on  page  492,|  had  been  slightly  misunder- 
stood by  Mr.  Hedley.  He  did  not  for  a  moment  wish  for  an  inference  to  be 
drawn  from  his  remarks  "  that  although  the  committee  succeeded  in  pro- 
ducing ignitions  of  gas  or  coal-dust  under  certain  conditions  in  their 
apparatus,  it  did  not  follow  that  they  could  do  so  in  a  mine,"§  and  in  fact 

*  N.E.  Inst.  Trans.,  vol.  xxv.,  page  97  ;  and  vol.  xxix.,  page  81. 
f  Trans.  Fed.  Inst.,  vol.  viii.,  pages  227  and  593;  vol.  ix.,  pages  115,  206,  and 
274  ;  and  vol.  x.,  pages  38,  197,  492,  and  503. 
%  Ibid.,  vol.  x.         §  Ibid.,  page  496. 
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his  remarks  have  exactly  the  opposite  meaning,  for  he  stated  that  although 
the  Blackwell  colliery-dust  was  not  fired  in  the  experiments  made  by  the 
Chesterfield  and  Midland  Counties  Institution  of  Engineers,  yet  the  dis- 
astrous experiment  on  a  natural  scale  showed  how  unreliable  the  experi- 
ments had  been,  and  that  experiments  conducted  under  natural  conditions 
might  be  far  more  liable  to  result  in  ignition  than  experiments  artificially 
made.  « 

The  "  many  self-evident  reasons  "  why  strangers  should  not  be  intro- 
duced to  the  proceedings  are  clear  to  all,  but  there  does  not  appear  to  be 
any  such  reasons  why  members  or  makers  of  the  explosives — experts  in 
their  use — should  not  have  been  permitted  to  see  the  experiments.*  It 
certainly  might  have  prevented  incomplete  records  being  given  in  the 
Report  "  owing  to  absence  of  observers,"  and  it  probably  would  have  en- 
sured that  explosives  supplied  by  makers,  and  fired  under  then.'  own  con- 
ditions as  to  detonators  and  rules  as  to  firing,  might  have  given  different 
results.  It  would  have  left  makers  of  explosives  no  loophole  with  respect 
to  the  quality  and  conditions  they  impose  upon  their  use,  and  it  would  have 
proved  whether  explosives  deteriorated  by  age.  He  (Mr.  Stokes)  would 
have  obtained  the  explosives  in  both  ways,  viz.,  from  collieries  where  they 
were  in  actual  use,  and  from  the  makers,  and,  as  stated  by  Mr.  Hedley, 
"  if  they  had  in  any  way  deteriorated  before  use  " — "  attention  should  be 
drawn  to  this  fact."  But  how  could  such  deterioration  be  ascertained 
unless  samples,  freshly  made  and  obtained  direct  from  the  makers,  were  fired 
as  well  as  samples  from  mines  where  such  explosives  are  used  ?  If  makers 
had  been  given  an  opportunity  of  witnessing  the  experiments  made  with 
their  own  explosives,  it  might  have  been  beneficial  in  the  way  of  suggest- 
ing to  them  such  alterations  in  the  composition  or  preparation  of  their' 
explosives  as  would  improve  the  mixture,  and  thus  assist  in  giving  us 
what  is  asked  for,  viz.,  a  safety-explosive.  All  previous  experimenters, 
both  at  home  and  abroad,  appear  to  have  been  only  too  pleased  to  allow 
mining  engineers  to  witness  the  experiments.  However  clearly  the  experi- 
ments may  be  recorded,  yet  visual  experience  would  be  more  convincing. 

The  large  number  of  experiments  already  made,  both  at  home  and 
abroad,  and  the  volumes  of  literature  published  upon  the  question  appear 
to  be  quite  sufficient  to  form  the  groundwork  for  remedial  measures,  and 
it  is  in  this  direction  that  those  having  the  care  and  direction  of  mines 
might  now  beneficially  direct  their  attention. 

Mr.  Bigg-Wither  (Wigan)  wrote  that  the  Roburite  Explosive  Com- 
pany had  adopted  the  suggestion  of  the  Explosives  Committee,  and  are 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  496. 
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now  labelling  each  5  lbs.  packet  with  the  composition  of  the  explosive 
contents.  The  company  had  for  some  time  past  been  marking  the  packets 
with  the  number  of  mixing  and  date  of  packing,  and  the  present  addition 
will  complete  the  suggestions  of  the  committee. 

Without  going  into  the  whole  report,  he  (Mr.  Bigg-Wither)  would 
like  to  say  a  few  words,  especially  concerning  the  experiments  with  coal- 
dust  in  suspension  without  gas,  and  particularly  as  to  the  results  with 
carbonite  and  roburite.  He  mentioned  these  two  explosives  because  they 
were  the  only  two  of  those  tested  which  were  put  through  the  full 
series  of  tests.  The  committee  appeared  to  have  laid  down  a  rule  that  a 
certain  maximum  number  of  shots  should  be  fired  in  each  series,  and  that 
no  further  shots  should  be  fired  as  soon  as  an  ignition  occurred.  In  the 
case  of  roburite,  however,  fired  into  coal-dust  in  suspension,  the  maximum 
limit  seems  to  have  been  exceeded,  and  no  fewer  than  52  shots  were  fired 
without  causing  an  ignition.  These  results  are  highly  satisfactory,  but 
should  an  ignition  have  occurred,  after  the  fixed  maximum  number  had 
been  fired,  such  an  extension  of  the  experiments  would  have  been  unfair 
upon  the  particular  explosive. 

As  the  committee  departed  from  the  lines  laid  down  in  this  particular 
instance,  it  would  have  been  more  satisfactory  if  they  had  made  a  similar 
exception  in  the  case  of  carbonite,  and  continued  up  to  the  maximum 
number  of  shots  in  spite  of  the  ignition  in  coal-dust  having  occurred  at 
the  first  shot,  particularly  as  carbonite  had  showed  up  so  well  in  the  gas 
experiments. 

With  the  ignition  of  coal-dust  in  suspension  at  the  first  shot  by  1\ 
ounces  of  carbonite,  the  committee  leave  the  matter  standing  ;  but  in  a 
report  recently  issued  by  two  of  H.M.  Inspectors  of  Mines  on  experiments 
made  in  Germany,*  it  is  stated  that  no  ignition  of  coal-dust  by  carbonite, 
even  with  charges  of  18  ounces,  had  ever  occurred.  Comparing  these  two 
very  opposite  results,  one  would  say  that  there  must  be  something  wrong, 
and  as  the  writer  had  an  apparatus  at  his  disposal,  he  resolved  to  test  the 
matter  himself. 

The  apparatus  used  may  be  described  as  part  of  a  cylindrical  boiler, 
3  feet  in  diameter,  sunk  vertically  into  the  ground :  within  which  is 
suspended  a  steel  cannon,  whose  mouth  is  7  feet  from  the  top  of  the 
apparatus.  The  upper  4  feet  of  the  apparatus  is  made  of  loose  plates 
bolted  together,  forming  a  cylinder  of  rather  a  larger  diameter  than  the 
boiler,  and  this  affords  an  air-inlet  all  round. 

*  Trans.  Fed.  Inst. ,  vol.  ix. ,  page  250. 
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In  making  the  tests  no  special  arrangements  are  made  to  close  the  top 
of  the  apparatus  or  to  measure  the  quantity  of  dust.  The  dust  is  simply 
blown  into  the  cylinder  about  4  feet  above  the  mouth  of  the  cannon  by 
means  of  a  fan,  and  the  shot  is  fired  a  few  seconds  after  the  dust  is  seen 
issuing  from  the  top  of  the  apparatus,  and  any  ignition  which  occurs  is 
plainly  visible.  In  the  experiments  made  so  far,  he  had  used  6  ounces 
charges  of  carbonite  (made  in  Germany)  obtained  from  a  neighbouring 
colliery.  The  charge  was  placed  in  the  steel  cannon,  without  stemming, 
and  the  top  of  the  charge  was  1 6  inches  from  the  mouth  of  the  borehole  ; 
two  or  three  different  kinds  of  coal-dust  have  been  used,  some  from  the 
Wigan  district,  and  some  from  "Whitehaven.  In  all  55  shots  have  been 
fired  on  8  separate  days,  resulting  in  22  ignitions.  On  one  day  there  were 
10  shots  without  any  ignition,  whilst  on  another  day  there  were  5  ignitions 
in  5  shots. 

The  writer  considers  that  these  results  fully  confirm  the  theory 
advanced  by  Prof.  Lewes  in  his  paper  on  "  Mining  Explosives."*  Up  to 
this  time  it  was  thought  that  gas  was  more  sensitive  to  ignition  than 
coal-dust,  but  with  carbonite  the  contrary  is  the  case.  The  writer's 
experiments  tend  to  confirm  the  results  obtained  by  the  Explosives  Com- 
mittee, and  he  is  inclined  to  think  that  the  reason  for  the  opposite  results 
in  the  German  experiments  will  be  found  in  the  weight  of  charge  used,  or 
in  the  apparatus  itself.  He  does  not  venture  to  speculate  as  to  the  exact 
cause,  whether  insufficiency  or  stagnation  of  air  or  vitiation  of  the  chamber 
by  the  products  of  combustion  of  the  carbonite.  He  has  always  been  of 
opinion  that  the  Explosives  Committee  were  working  on  the  right  lines  in 
testing  with  small  charges,  as  if  a  small  charge  will  ignite  an  explosive 
mixture,  one  would  certainly  expect  a  larger  charge  to  do  so  more  easily. 

Mr.  0.  C.  Leach,  referring  to  Mr.  Stokes'  remarks,  said  that  if  the 
makers  of  the  explosives  had  been  present  at  the  experiments  the  enquiry 
could  not  have  been  considered  so  independent  as  it  was.  Mr.  Stokes  was 
under  a  misapprehension  as  to  members  of  the  Institute  not  being  allowed 
to  attend,  for  they  had  been  invited  to  do  so  since  February  2nd,  1895. 


The  Secretary  read  the  following  paper  by  Mr.  William  Blakemore 
on  "  Coal-cutting  by  Machinery  "  : — 

*  Trans.  Fed.  Inst.,  vol.  ix.,  page  320. 
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COAL-CUTTING   BY  MACHINERY. 


By  W.  BLAKEMORE,  Vice-President  of  the  Mining  Society  of 
Nova  Scotia. 


Introduction. 

The  subject  of  coal-mining  by  machinery  must  on  all  grounds  be 
considered  one  of  the  most  important  topics  of  the  moment.  Of  late 
years  the  force  of  competition,  both  at  home  and  abroad,  together  with 
the  depressed  condition  of  the  coal  and  iron  industries,  has  made  it  a 
matter  of  increased  importance  to  consider  any  and  every  means  that 
would  tend,  however  slightly,  to  reduce  the  cost  of  mining  coal.  The 
chief  result  of  these  conditions  has  been  to  develop  enormously  the  use  of 
all  kinds  of  mechanical  appliances,  for  in  this,  as  in  every  other  industry, 
in  spite  of  the  opposition  which  has  invariably  met  the  introduction  of 
new  machinery,  it  has  eventually  been  fully  established  that  a  good  machine 
both  increases  the  production  and  reduces  the  cost  of  the  article  mani- 
pulated. 

No  class  of  machine  has  met  with  more  hostility  at  the  moment  of 
its  introduction  than  coal-cutting  machinery,  and  so  strong  and  persistent 
has  been  the  opposition  that,  had  it  not  been  for  the  reasonable  forbear- 
ance and  patience  of  those  who  had  confidence  in  the  result  of  their 
experiments,  there  is  little  doubt  that  coal-mining  by  machinery  would 
have  been  ahnost  as  puny  an  infant  in  other  countries  as  it  is  at  the  present 
moment  in  Great  Britain.  Quiet  persistence  and  intelligent  perseverance 
have  won  the  day,  and  within  the  last  ten  years  it  has  been  fully  demon- 
strated upon  the  continent  of  America  that  suitable  machines  are  in  the 
market  for  cutting  coal  under  ahnost  any  existing  condition  to  greater 
advantage  than  by  the  old  and  laborious  method  of  hand  picks.  The 
writer  has  no  doubt  that,  in  spite  of  the  conservative  views  of  his  fellow- 
countrymen,  it  is  only  necessary  for  them  to  become  fully  acquainted 
with  these  machines,  and  with  their  entire  adaptability  to  the  require- 
ments of  mining  in  Great  Britain,  to  ensure  their  ready  acceptance  and  to 
inaugurate  an  era  of  cheaper  mining  that  will  to  some  extent  lighten  the 
burdens  under  which  colliery  proprietors  have  unfortunately  been  groaning 
for  the  last  few  years. 
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It  has  been  the  writer's  good  fortune  since  1893  to  be  connected  with 
the  Dominion  Coal  Company,  a  corporation  possessing  both  the  capital  and 
the  enterprise  to  give  a  thorough  and  exhaustive  trial  to  the  best  modern 
appliances  obtainable.  In  connexion  with  coal-cutting  by  machinery, 
the  writer  thinks  he  may  fairly  claim  that  they  have  gone  into  the 
matter,  and  fully  tested  the  capacity  and  the  value  of  this  system  of 
mining  more  thoroughly  than  perhaps  any  other  firm.  In  saying  this, 
he  is  not  unmindful  of  the  fact  that  an  enormous  tonnage  of  coal  is  cut 
by  machinery  in  Pennsylvania,  Ohio,  and  other  American  states,  but  the 
company  have  been  privileged  to  test  a  greater  variety  of  machines,  and 
especially  to  secure  the  first  longwall  mining  machine  made  upon  an 
entirely  new  plan  (the  Mitchell),  which  bids  fair  to  outstrip  any  of 
its  competitors. 

Out  of  nine  working  mines,  the  company  are  using  machines  at  five, 
having  upwards  of  seventy  working.  For  the  purposes  of  this  paper,  the 
writer  thinks  that  it  will  be  more  profitable  if  he  confines  his  remarks  to 
the  operations  at  the  Dominion  No.  1  mine,  because  it  is  a  new  one, 
especially  laid  out  for  the  purpose  of  machine-mining,  and  the  whole  of 
the  work,  including  the  driving  of  headings,  widening  of  haulage-roads, 
and  opening  up  of  working-places,  has  been  done  entirely  by  one  or  other 
of  the  machines  to  be  hereafter  described. 

Motive  Power. — It  would  be  interesting  to  give  some  account  of  the 
surface-works  in  connexion  with  the  inauguration  of  this  system,  but  the 
writer  must  be  content  with  briefly  stating  that  the  motive  power 
originates  with  a  battery  of  three  Babcock  and  Wilcox  boilers,  each  of 
210  nominal  horse-power,  and  working  at  a  pressure  of  100  pounds  per 
square  inch.  One  boiler  supplies  steam  for  the  hoisting-engines,  fan, 
pump,  etc.  ;  and  the  other  two  for  the  air-compressors.  The  latter  are 
very  massive,  and  replete  with  the  latest  improvements,  Corliss  valves,  etc. 
The  air-compressors  were  manufactured  by  the  Ingersoll  Rock-drill  Com- 
pany of  Canada,  and  are  compound,  the  high-pressure  cylinder  being  22£ 
inches  in  diameter  and  42  inches  stroke,  and  the  low-pressure  cylinder 
44  inches  in  diameter  and  42  inches  stroke. 

The  combined  indicator-diagrams  of  the  high  and  low-pressure 
cylinders,  show  a  very  satisfactory  efficiency,  that  of  the  engine  being 
94  per  cent.,  and  of  the  air-compressor  77  per  cent.  The  valves  of  the 
high-pressure  cylinder  cut  off  rather  too  soon,  causing  a  loop  in  the  low- 
pressure  indicator  diagram,  but  with  a  slight  readjustment,  which  has 
since  been  made,  the  results  are  perfectly  satisfactory.  The  air  is  main- 
tained at  a  steady  pressure  of  about  80  lbs.  per  square  inch. 
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The  air  after  being  compressed  is  passed  through  a  series  of  large 
pipes  underneath  the  floor  of  the  engine-house  and  between  the  founda- 
tions. This  space  is  kept  full  of  cold  water,  constantly  circulated  by- 
means  of  a  small  pump,  and  the  ah'  when  it  passes  into  the  mine  is  quite 
cold,  its  temperature  being  about  50  degs.  Fahr. 

The  circulating  pipes  are  12  inches  in  diameter,  and  the  main  column 
of  pipes  leading  from  the  engine  into  the  mine  is  a  wrought-iron  tube 
(8  inches  in  diameter)  with  flanged  joints.  This  main-pipe  is  carried 
down  the  north  deeps  for  a  distance,  at  present,  of  2,000  feet,  and  down 
the  south  deeps  for  a  length  of  1,000  feet.  Thence,  a  pipe  (4  inches  in 
diameter)  branches  along  the  south  levels  for  a  distance  of  nearly  2,000 
feet,  and  from  this  pipe,  at  various  stations,  there  are  branch  pipes  (2 
inches  in  diameter)  conveying  the  air  into  the  working-rooms.  At  the 
bottom  of  the  deep,  there  is  a  cylindrical  air-receiver  E  (13  feet  long  and 
2  feet  in  diameter)  and  at  a  point  1,000  feet  down  the  deep,  there  is  an 
air-receiver  B,  (10  feet  long  and  4  feet  in  diameter).  The  air  when 
delivered  at  the  working-places  is  dry,  a  temperature  of  48  degs.  Fahr., 
and  a  pressure  varying  from  2  to  3  pounds  less  than  that  at  the  air- 
compressor. 

Up  to  the  present  time,  it  has  only  been  found  necessary  to  work  one 
air-compressor,  the  number  of  machines  operating  in  the  mine  not  exceed- 
ing twenty.  The  capacity  of  each  air-compressor  is  estimated  at  nearly 
double  this.  In  fact,  a  Stanley  header,  a  longwall  machine,  a  pump,  and 
three  or  four  boring-machines  have  already  been  worked  at  the  same  time 
as  twenty  coal-cutting  machines,  by  one  air-compressor. 

A  general  idea  of  the  plan  of  the  mine,  and  the  mode  of  producing 
the  power  required,  is  illustrated  in  Fig.  1  (Plate  XIII.). 

Description  of  Coal-seam. — The  mine  is  opened  in  the  Phalen  coal- 
seam,  which  is  semi -bituminous,  hard  in  the  holing,  with  a  quantity  of 
iron  pyrites  running  at  the  base  of  the  seam.  The  thickness  varies  from 
8  to  8|  feet,  and  the  dip  is  uniformly  1  iu  14. 

Stanley  Header. 
The  Stanley  heading-machine,  being  familiar  to  many  of  the  members, 
will  need  little  description.*  This  machine  was  used  in  driving  the  main 
roads  from  the  shaft  on  the  south  side.  There  were  two  machines,  each 
with  cylinders  8  inches  in  diameter  by  6  inches  stroke,  and  making  250 
strokes  per  minute,  under  a  working -pressure  of  80  pounds  to  the  square 
inch.     The  weight  of  each  of  these  machines,  without  the  conveyor,  was 

*  Trans.  Fed.  Inst.,  vol.  i. ,  page  124. 
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4,000  pounds.  As  the  main  haulage-roads  from  the  shaft  were  driven  on 
the  full  dip  of  the  seam,  considerable  quantities  of  water  had  to  be  over- 
come, greatly  impeding  the  working  of  the  machines,  and  reducing  the 
rate  of  progress  very  much  below  what  it  usually  is  upon  a  level.  When 
working,  it  averaged  about  15  feet  per  shift  of  eight  hours.  This 
progress,  however,  would  have  been  much  less  but  for  the  excellent  addi- 
tion recently  made  to  the  Stanley  header,  in  the  shape  of  a  conveyor, 
which  catches  the  coal  at  the  face,  elevates  it  to  the  tail-end  of  the 
machine,  and  that  at  sufficient  height  to  dump  it  automatically  into  the 
tubs.  Fig.  2  (Plate  XIII.)  shows  the  machine  and  the  conveyor. 
"When  the  Stanley  header  turned  off  at  1,000  feet  from  the  shaft  to  work 
upon  the  south  level,  the  result  was  very  different,  an  average  length  of 
about  20  feet  per  shift  being  made  ;  and,  as  testing  the  utmost  capacity 
of  this  machine,  it  may  be  interesting  to  know  that  a  record  run  was 
made  of  30|  feet  in  eight  hours.  The  diameter  of  the  bore  was  6  feet, 
and  three  men  were  required  in  attendance,  two  at  the  face  and  one  at 
the  tail  of  the  machine.     The  blast  was  made  after  every  2  feet  of  cut. 

After  two  years'  experience,  and  constant  use  of  the  Stanley  heading- 
machine,  the  writer  is  of  opinion  that  for  rapid  driving  under  favourable 
conditions,  such  as  are  found  in  a  level  seam  of  coal,  and  little  or  no 
water,  nothing  can  compete  with  it.  The  speed  which  can  be  maintained 
is  extraordinary,  and  the  circular  cut  gives  such  a  strong  passage  with 
the  minimum  of  friction  for  the  ventilating  air-current.  On  the  other 
hand,  the  weight  of  the  machine  makes  it  very  expensive  to  move.  The 
moment  it  ceases  boring  coal  trouble  begins,  as  it  takes  a  large  gang  of 
workmen  to  dismantle  and  move  it  around.  It  also  refuses  to  proceed  at 
the  first  sign  of  material  stronger  than  the  coal  in  which  it  is  working. 
In  such  a  case,  and  in  the  event  of  unevenness  in  the  floor  of  the  seam, 
there  is  no  alternative  but  to  draw  it  back,  and  cut  through  the  difficulty 
by  some  other  means. 

It  is  necessary  also  that  the  coal-seam  shall  be  thicker  than  the 
diameter  of  the  cut ;  unless  the  roof  or  floor  be  softer  than  the  coal,  in 
which  case,  of  course,  part  of  the  cut  can  be  taken  in  that.  This,  how- 
ever, means  spoiling  all -.the  slack  that  is  made  in  cutting.  The  last 
difficulty  experienced  with  the  Stanley  header  is  not  fairly  chargeable 
to  the  machine,  but  is  the  result  of  other  conditions,  viz.,  that  if  a 
double  haulage-road  be  required,  say  for  the  endless-rope  system,  or  wide 
enough  to  pass-by,  when  the  Stanley  machine  has  finished  its  work,  the 
initial  stage  only  is  completed,  and  the  widening-off  process  has  to  be 
performed  either  by  hand  or  by  some  other  machine. 
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The  writer  is  of  opinion,  from  his  own  experience,  having  regard 
to  the  numerous  delays  resulting  from  the  causes  previously  stated,  that  it 
is  possible  in  any  case  where  a  double-road  is  required,  to  complete  it  as 
expeditiously  and  at  less  cost  with  one  of  the  percussion-machines  than 
by  using  the  Stanley  header  in  the  first  instance.  There  is  also  the 
further  consideration  that  in  no  large  mine  would  a  circular  road  (6  feet 
in  diameter)  be  sufficiently  large  for  ventilating  purposes,  even  into  one 
principal  district.  At  the  Dominion  No.  1  mine,  it  has  been  found 
necessary  to  enlarge  the  lower  level,  which  was  driven  by  the  Stanley 
header  of  the  size  stated,  and  which  is  used  solely  for  ventilating 
purposes. 

Mitchell  Longwall  Machine. 

The  Mitchell  longwall  machine  has  been  recently  invented,  and  the 
one  used  at  the  Dominion  No.  1  mine  is  the  first  made.  The  writer 
considers  it  to  be  the  best  longwall  machine  yet  invented,  especially 
suitable  for  use  in  many  British  mines,  and  he  will  therefore  give  a 
somewhat  detailed  account  of  its  construction.  This  machine  is  the 
joint  production  of  an  American  engineer,  Mr.  J.  L.  Mitchell,  and  the 
Sullivan  Machinery  Company.  Its  weight  is  4,000  pounds.  It  has  two 
cylinders,  each  6  inches  in  diameter,  by  8  inches  stroke,  and  the  normal 
rate  of  working  is  250  strokes  per  minute,  with  an  air-pressure  of 
80  pounds  to  the  square  inch. 

The  machine  propels  itself  along  the  face,  making  an  undercut  either 
in  the  coal  or  in  the  fireclay,  or  similar  soft  material  underneath,  by 
means  of  a  projecting  bar  or  arm,  and  a  revolving  chain,  cutters  being 
fixed  in  the  links  of  the  chain.  The  bar  projects  at  right  angles  from  the 
side  of  the  machine,  and  may  be  regulated  to  any  depth  of  cut  from  3  to 
6  feet,  but  the  writer  has  found  in  practice  that  5  feet  is  the  maximum 
safe  cut  to  make  with  the  present  machine.  The  vertical  height  of  the 
cut  is  about  3^  inches,  and  this  represents  all  the  slack  which  is  made  in 
process  of  working. 

The  machine,  although  heavy,  is  not  bulky,  being  compactly  built. 
It  will  pass  through  an  opening  30  inches  high  and  30  inches  wide  ;  but 
in  a  longwall  face,  where  cogging  is  resorted  to,  it  would  be  safe  to 
reckon  that  it  would  work  comfortably  in  a  space  4  feet  from  the  cog 
timber  to  the  face  of  the  coal.  There  is  a  novel  steering  device  (Fig.  3, 
Plate  XIII.)  attached  to  the  rear  of  the  machine,  which  enables  it  to 
follow  a  face  not  perfectly  straight  in  track,  if  required,  as  the  machine  is 
kept  up  to  the  face  by  means  of  a  lever  attached  to  the  steering-gear. 
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The  machine  is  mounted  upon  a  shoe  2%  feet  wide  and  7  feet  long. 
The  feed-dram  is  20  inches  in  diameter,  and  constructed  to  hold  200  feet 
of  h  inch  wire-rope,  which  is  attached  to  an  anchor  post  set  at  such  a 
distance  in  front  as  the  rope  will  reach.  The  machine  can  be  advanced 
the  full  length  of  the  rope  without  stopping.  It  requires  the  services  of 
two  workmen,  one  in  front  to  see  that  the  rope  winds  regularly  upon  the 
drum,  and  to  clean  away  any  small  coal  that  may  have  collected  in  advance 
of  the  cut.  The  foreman  has  charge  of  the  machine,  remaining  at  the 
rear  so  as  to  control  the  throttle  and  steering-gear  lever,  and  at  the  same 
time  he  closely  observes  the  running  of  the  machine. 

The  engine  is  enclosed.  The  gearing  runs  in  oil,  so  that  there  is  very 
little  danger  of  dust  working  into  and  cutting  the  movable  parts.  The 
power  is  transmitted  through  spur  and  bevel-gear  wheels  to  the  chain.  A 
sprocket  wheel  located  near  to  the  shoe,  maintained  upon  a  vertical  shaft, 
drives  the  cutter-chain.  An  idler-wheel  is  arranged  with  an  oil  receptacle 
in  the  hub  to  carry  the  chain  around  the  end  of  the  bar.  The  face  of 
the  bar  is  protected  with  hardened  tool-steel.  The  chain  links  are  made 
of  malleable  iron  with  steel  links  and  rivets,  each  1  inch  in  diameter, 
so  as  to  give  strength  and  durability  to  the  chain.  The  friction-clutch 
is  arranged  in  the  drum  so  that  it  can  be  thrown  out  of  gear,  and  in  order 
that  any  desired  tension  can  be  maintained. 

The  machine,  of  course,  will  cut  in  only  one  direction,  and,  unless  it 
is  possible  to  continue  around  the  face  in  a  circular  route,  it  is  necessary 
to  haul  it  back  to  the  starting  point  for  the  next  cut.  Although  it  will 
make  itself  an  undercut,  the  writer  does  not  consider  it  desirable  to  impose 
this  strain  upon  the  machine,  as  the  resultant  gain  is  very  slight.  It  is 
better  to  cut  the  first  opening  by  hand,  and  so  insert  the  machine  ready 
for  its  work. 

The  rate  of  progress  is  remarkable,  the  writer  has  repeatedly  tested  it, 
and  finds  that  it  will  cut  whilst  in  full  work  an  average  of  1  lineal  foot  per 
minute,  but  it  is  not  desirable,  nor  indeed  practicable,  to  keep  it  running 
under  this  strain,  as  at  half  the  speed,  or  rather  working  half  the  time,  it 
will  undermine  a  sufficient  quantity  of  coal  to  satisfy  any  reasonable  require- 
ments, and  indeed  as  much  as  can  be  handled  in  any  given  district.  If 
continued  to  run  at  top  speed,  the  cutters  become  heated.  The  better 
plan  is  to  let  it  run  for  ten  or  fifteen  minutes,  and  then  slow  up.  In  this 
way,  a  uniform  daily  undercut  has  been  maintained  of  about  200  lineal 
feet,  5  feet  under,  with  the  attendance  previously  specified. 

As  showing  the  utmost  capacity  of  the  machine,  in  one  test  run  of 
eight  hours,  a  cut  was  made  of  300  lineal  feet,  5  feet  under  ;  and  with 
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another  machine  of  the  same  make,  the  cut  was  500  lineal  feet,  3  feet 
under,  in  each  case,  working  out  to  1,500  square  feet  in  eight  hours.  But 
the  former  figure  is  as  much  as  can  be  relied  upon  in  ordinary  working. 

It  will  be  seen  from  these  remarks  that  the  Mitchell  longwall  machine 
is  speedy,  efficient,  and  economical,  where  the  conditions  are  favourable 
for  its  use.  Of  course  the  flatter  the  seam  the  better.  At  the  same  time 
there  is  no  doubt  that  it  will  work  well  on  a  slant,  where  the  inclination 
is  not  too  great,  as  the  shape  of  the  cutter  tends  to  hold  the  machine  to 
the  face,  and  this  tendency  can  be  further  increased  by  the  aid  of  side  jacks. 

Like  every  other  machine,  it  has  its  disadvantages.  Weight  is  one, 
but  this,  however,  is  not  so  great  an  obstacle  as  might  be  imagined,  and 
certainly  much  less  than  in  the  case  of  the  Stanley  header,  as  the  machine 
is  more  compact,  and  the  bulk  considerably  less. 

Like  the  Stanley  and  all  other  rotary  machines,  it  objects  to  foreign 
metal  in  the  strata,  and  in  case  it  meets  with  a  piece  of  rock  or  anything 
materially  harder  than  the  coal,  the  cutters  are  apt  to  break  or  to  refuse 
to  make  any  progress.  The  same  difficulty  occurs  when  the  floor  of  the 
mine  is  uneven,  but  by  examining  the  face  in  advance,  and  noting  the 
approaching  inequality  in  the  floor,  the  longwall  machine  can  be  made  to 
mount  the  shoe,  and  to  elevate  the  cut  so  as  to  pass  over  the  obstruction, 
if  the  latter  be  not  too  high.  It,  however,  sometimes  happens  that  it  is 
preferable  to  draw  out  the  machine,  and  to  cut  past  the  obstacle  by  hand- 
labour. 

There  is  a  further  disadvantage  which  must  inevitably  arise  with  all 
machines  that  only  cut  a  narrow  groove  in  the  coal :  viz.,  the  narrowness  of 
the  cut  prevents  the  coal  from  falling  sufficiently  to  break  it  when  blasted. 
Of  course  this  disadvantage  depends  to  some  extent  upon  the  texture  and 
thickness  of  the  coal,  and  it  has  been  found  necessary  in  the  case  of  the 
Phalen  coal-seam  to  wedge  a  piece,  varying  from  9  to  12  inches,  from  the 
upper  side  of  the  groove  before  blasting.  This  allows  the  coal  to  fall 
and  topple  over  sufficiently  to  break  it  ready  for  loading.  However,  when 
all  the  disadvantages  are  weighed,  there  is  no  doubt  that  the  facility 
with  which  this  machine  can  be  taken  along  a  narrow  face,  the  ease  with 
which  it  is  operated,  and  the  low  cost  of  attending  it,  stamp  it  as  the 
machine  of  the  future  in  any  longwall  working  properly  designed  for  the 
admission  of  mining  machinery. 

Ixgersoll-Sergeant  Machine. 
The  writer  will  now  describe  a  different  type  of  machine,  the  percus- 
sive, a  comparatively   light,  portable,  and  cheap  machine,  designed   for 
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room  work,  but,  as  circumstances  have  proved,  equally  applicable  to 
narrow  work  or  headings.  Of  this  type,  there  are  three  varieties  in  use  at 
the  Dominion  No.  1  mine,  viz.  :  the  Gr  4,  improved  Ingersoll-Sergeant, 
the  Harrison,  and  the  Yoch.  The  two  former  are  so  much  alike  (the 
only  difference  being  in  details  of  manufacture)  that  one  description  will 
answer  for  the  two.  The  writer  will  therefore  describe  the  Ingersoll- 
Sergeant  machine,  which  came  out  at  the  head  of  the  list  in  a  severe  test 
lasting  a  fortnight,  conducted  at  the  above  mine  in  August,  1895. 

This  machine  is  illustrated  in  perspective  in  Fig.  4  (Plate  XIII.)  and 
in  detail  in  Figs.  5,  6,  7,  8,  and  9  (Plate  XIII.).*  Another  view  (Fig. 
10,  Plate  XIII.)  shows  the  position  of  the  machine  when  shearing,  or 
cutting  vertically.  The  Ingersoll-Sergeant  machine  weighs  750  pounds. 
The  cylinders  are  4  inches  in  diameter  and  11  inches  stroke,  and  with  a 
pressure  of  80  pounds  per  square  inch,  the  normal  speed  is  200  strokes 
per  minute.  This  machine  comprises  a  reciprocating  drilling-engine, 
mounted  upon  a  pair  of  wheels  to  enable  the  cutting  tool  to  operate  in 
horizontal,  vertical,  and  oblique  planes  for  under-cutting  and  for  cutting 
around  parts  of  coal,  to  facilitate  the  transportation  of  the  machine  from 
point  to  point,  and  to  enable  the  direction  of  the  cutting  to  be  determined 
by  the  operator  to  produce  any  desired  results. 

The  wheels  upon  which  the  drilling-machine  is  mounted,  together 
with  their  mountings,  are  so  constructed  that  their  axes  may  be  shifted 
longitudinally  along  the  machine  in  order  to  balance  its  weight,  and  thereby 
facilitate  its  manipulation  by  the  operator,  as  for  example  when  a  shorter 
or  longer  tool  or  tool-holder  is  employed.  It  also  comprises  an  extension 
tool-holder  with  means  for  attaching  and  adjusting  the  handles  by  which 
the  machine  is  manipulated. 

The  improved  mining  machine  also  comprises  a  novel  construction 
and  arrangement  of  valves  for  controlling  the  ingress  and  egress  of  the 
steam,  air,  or  other  fluid  by  means  whereof  the  piston  is  propelled.  The 
valves  are  duplex,  and  operated  to  open  and  close  the  steam  and  exhaust- 

*  The  following  references  describe  Figs.  5,  6,  7,  8,  and  9 : — 1.  Cylinder. 
2.  Piston  (long).  3.  Piston  (short).  4.  Extension.  5.  Extension  key.  6. 
Pick.  7.  Pick  key.  8.  Front  head  (long).  9.  Front  head  bushing  (long).  10. 
Front  head  (short).  11.  Front  head  bushing  (short).  12.  Front  head  bushing 
bolts.  13.  Cup  leather.  14.  Cup  leather  washer.  15.  Side  rods  and  nuts.  16. 
Back  head.  17.  Back  head  buffer.  18.  Back  head  buffer  plate.  19.  Front  head 
washer.  20.  Front  head  filler.  21.  Cup  leather  washer  screw.  22.  Wheel.  23. 
Wheel  trunnion.  24.  Wheel  trunnion  bolt.  25.  Wheel  trunnion  washer.  26. 
Wheel  trunnion  washer  stud  and  nut.  27.  Valve.  28.  Valve  chest.  29.  Valve 
chest  bolt.  30.  Valve  chest  head.  31.  Valve  chest  head  bolt.  32.  Valve  plunger. 
33.  Valve  seat.  34.  Regulating  screw.  35.  Regulating  screw  gland.  36.  Piston 
ring.  37.  Piston  ring  spring.  38.  Handle.  39.  Handle  bolt.  40.  Socket  wrench. 
41.  Throttle  valve.     42.  Front  head  cushion. 
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ports  entirely  independent  of  the  motion  of  the  piston,  so  that,  even  with 
the  pick  stuck  in  the  coal,  the  valves  would  move  and  continue  to  open 
and  close  the  ports  of  the  engine,  and  a  slight  jar  of  the  machine  by  the 
operator  would  free  the  pick  and  permit  it  at  once  to  resume  operations. 
An  important  advantage  incident  to  the  improved  valve-motion  is  due  to 
the  fact  that  the  travel  of  the  valves  is  independent  of  the  length  of  the 
stroke  made  by  the  piston.  When  the  machine  is  moved  up  close  to  the 
work  in  commencing  the  cut,  the  stroke  of  the  piston  is  very  short,  and 
the  valves  and  piston  may  be  caused  to  operate  more  rapidly  and 
accomplish  more  strokes  in  a  given  time  than  would  be  the  case  if  the 
valves  and  piston  had  to  wait  for  the  complete  revolution  or  movement  of 
some  impelling  mechanism. 

The  cylinder  of  the  drilling  machine  is  provided  with  the  usual  ports 
at  the  opposite  ends  of  the  cylinder,  and  also  with  an  exhaust-passage. 
To  the  outer  end  of  the  main  cylinder  is  attached  a  supporting  or  guide 
sleeve  (front-head),  provided  with  cuts  at  its  outer  extremity,  and  with 
clamping  bolts  (front-head  bushing-bolts)  passing  transversely  through 
the  divided  portion  for  the  purpose  of  contracting  them  and  securing  a 
bushing  (front-head  bushing).  The  piston  rod  works  through  suitable 
packing  in  the  forward-end  of  the  cylinder,  and  is  made  long  enough  to 
project  beyond  the  end  of  the  sleeve  (front-head)  when  fully  retracted. 
At  the  forward-end  of  the  cylinder  is  placed  a  buffer  of  leather  of 
such  construction  as  to  form  an  air-cushion  for  the  piston.  The 
projected  extremity  of  the  piston-rod  is  tapered,  so  as  to  fit  into  a 
corresponding  taper  in  an  extension  which  is  held  in  place  by  means 
of  a  wedge  (extension-key)  ;  the  outer  extremity  of  the  extension 
is  adapted  to  receive  the  shank  of  the  pick,  which  is  secured  in 
position  by  a  wedge  (pick-key).  The  extension  may  be  made  tubular 
for  lightness  and  portability,  and  may  be  made  in  various  lengths  to 
adapt  itself  to  any  desired  work  or  position.  By  reason  of  its  extremely 
simple  adjustment  it  can  be  readily  attached  or  detached. 

The  piston-rod  is  provided  with  eight  straight  grooves  engaging  in 
similar  projections  in  the  end  bushing  for  the  purpose  of  preventing  any 
undesired  movement  of  the  piston  and  pick.  The  improved  pick  is  in  the 
form  of  a  tapering  chisel,  the  end  of  which  is  provided  with  a  V-shaped 
notch,  having  a  sharp  edge,  and  cutting  points.  This  form  is  very  easily 
sharpened  and  would  remain  sharp  and  do  more  work  than  the  thin  sharp 
edge  frequently  used. 

The  carrying-wheels  (wheels)  on  which  the  machine  is  supported  have 
adjustable    trunnions    (wheel-trunnions)    upon    which  the  wheels    are 
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mounted.  The  increased  size  of  the  axes  of  the  carrying-wheels  is  intended 
to  develop  friction  between  the  wheels  and  their  axles,  and  thereby  add 
stability  to  the  machine  when  in  operation — that  is,  the  recoil  of  the 
machine  at  each  blow  is  opposed  to  the  friction  between  the  wheels  and 
their  axles,  in  addition  to  the  inertia  due  to  the  weight  of  the  machine, 
thereby  diminishing  the  recoil  and  increasing  the  effective  force  of  each  blow\ 

On  each  side  of  the  central  portion  of  the  cylinder  an  extension  is 
formed,  provided  with  a  transverse  slot  or  recess,  leaving  a  narrower 
exterior  opening,  shoulders  being  formed  by  the  front  inner  walls  of  the 
slot.  The  slot  has  a  downwardly  extending  opening  through  which  is 
inserted  a  short-headed  bolt,  the  head  of  the  bolt  being  retained  in  the 
slot  by  the  shoulders,  and  the  bolt  is  capable  of  longitudinal  movement. 
The  inner  end  of  the  trunnion  fits  against  the  projection  on  the  cylinder, 
against  w7hich  it  is  firmly  held  by  the  bolt  which  passes  through  it,  and 
it  is  provided  with  a  locking-nut  at  its  outer  extremity,  which  bears 
against  and  holds  the  trunnion  firmly  in  position.  The  trunnion  is 
further  provided  with  smaller  projections,  which  extend  to  the  outer  por- 
tion of  the  slot  on  each  side  of  the  bolt  to  prevent  the  bolt  from  dropping 
through  the  downward  opening  while  being  adjusted.  To  adjust  the 
wheel  with  respect  to  the  weight  of  the  machine  the  nut  is  loosened,  and 
the  bolt  can  be  moved  longitudinally  in  the  slot,  carrying  with  it  the 
wheel  and  trunnion,  which  latter  is  firmly  locked  in  the  desired  position 
by  tightening  the  nut. 

The  steam- chest  is  formed  with  a  lateral  extension  forming  longi- 
tudinal apertures  to  receive  the  shanks  of  the  handle.  The  openings 
in  the  projections  are  formed  by  cores  when  the  steam-chest  is  cast, 
and  are  sufficiently  large  to  receive  the  shanks  of  the  handles.  The 
handles  are  secured  in  position  by  the  toe-bolts  (handle-bolts)  which  are 
inserted  from  below  into  the  apertures  for  the  handles  and  project 
upwards  through  the  extensions,  where  they  are  fitted  with  screw-threaded 
nuts.  The  attachment  of  the  handles  is  extremely  simple,  it  being  only 
necessary  to  loosen  the  bolts,  then  adjust  the  handles,  after  which  a  few 
turns  of  the  nut  will  draw  up  the  toe-bolts  (handle-bolts)  and  firmly  lock 
the  handles  in  position. 

The  valve  (Figs.  11,  12,  and  13,  Plate  XIII.)  comprises  two  air- 
driven  piston- valves  Z,  m  (valve-plunger),  whose  end-portions  work  in 
single-acting  cylinders  N  0,  N'  0',  formed  in  the  ends  of  the  steam-chest 
J.  The  central  portions  of  the  pistons  L,  M  are  considerably  reduced 
in  size  in  order  to  allow  of  the  free  passage  of  steam  or  air  around  and 
between  them  to  the  main  auxiliary  set  of  ports  1,  2  located  side  by  side 
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transversely  to  the  central  portion  of  the  steam-chest,  and  both  are  of  the 
same  external  dimensions  so  as  to  render  the  valves  interchangeable  if 
desired.  For  convenience  in  construction,  the  steam-chest  consists  of 
two  parts  :  the  valve-chest  which  contains  the  pistons  L,  JI  (valve- 
plungers),  and  the  valve-seat  in  which  the  ports  are  formed.  The  pistons 
L,  JI  are  each  provided  with  a  slide-valve  moving  upon  and  controlling 
the  two  seats  of  the  ports  1,  2. 

One  series  of  the  ports  comprises  inlet-port  P,  exhaust-port  Q,  and 
inlet-port  R.  The  port  P  communicates  by  passage  P'  with  inlet-port  p, 
located  on  the  opposite  side  of  the  steam-chest,  and  extending  into  the 
cylinder  0.  The  port  R  also  passes  across  the  steam-chest  by  passage  R', 
issuing  at  the  outlet  r  into  the  cylinder  0'.  The  exhaust-port  Q  extends 
laterally  to  the  exterior,  and  adjustable  throttling-valves,  regulating- 
screws  q',  q"  are  provided  for  increasing  and  diminishing  the  area  of 
the  exhaust-passages,  and  of  the  ports  P,  R,  thereby  controlling  the 
speed  of  movement  of  the  valve  actuating-pistons  (valve-plungers). 

The  second  series  of  ports  comprises  a,  a'  leading  to  the  respective 
ends  of  the  main  cylinder,  and  the  exhaust-port  B,  leading  to  the  exterior 
of  the  machine.  From  the  port  a  extends  an  auxiliary  passage  3,  which 
crosses  the  steam-chest  and  issues  at  the  opening  4  into  the  cylinder  N'. 
From  the  port  a  extends  a  similar  passage  5,  which  likewise  crosses  the 
steam-chest,  and  issues  at  the  opening  6  into  the  cylinder  N.  The  valve- 
actuated  passages  just  described  are  smaller  than  the  main  ports,  being 
about  one-third  of  their  area. 

"When  the  valves  are  in  position,  the  compressed  air  in  the  chest  will 
find  passage  alternately  through  the  ports  and  passages  shown,  which 
will  cause  them  to  move  alternately  and  independently  of  the  movement 
of  the  main  piston,  so  long  as  air  is  supplied  and  the  exhaust-port  B  is 
open.  The  passages  cross  each  other  without  communicating,  as  shown 
in  Fig.  11,  each  piston  being  alternately  the  valve  of  the  opposite  one, 
and  their  speed  can  be  regulated  by  throttling  the  ports  P,  R,  to  a 
greater  or  less  extent. 

The  specific  operation  of  the  valves  in  the  position  shown  in  Fig.  12 
is  as  follows  : — Piston  M  being  in  its  forward  position,  the  piston  L 
will  exhaust  through  the  passage  5  and  receive  air  at  its  opposite  end 
through  the  passage  3.  Simultaneously  the  piston  M  will  receive  steam 
through  the  passage  P,  and  exhaust  through  the  passage  R,  and  so  on 
as  long  as  steam  or  air  is  supplied. 

The  Ingersoll-Sergeant  machine  has  been  used  with  highly  satisfactory 
results  in  the  different  mines  ;  first,  for  driving  headings  at  the  Dominion 
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No.  1  mine  in  the  north  deeps,  whilst  the  Stanley  header  was  working  on 
the  sonth  side,  and  although,  of  course,  the  rate  of  progress  in  the  initial 
stages  was  much  slower,  it  was  found  as  a  matter  of  fact  that  the  deeps 
were  completed  for  a  given  distance  just  as  quickly  as  on  the  south  side, 
and  at  less  cost.  The  reasons  are  obvious  :  the  percussion-machine,  not 
being  confined  in  any  rigid  position,  could  be  humoured  to  suit  the 
varying  conditions  of  work,  and  so  handled  as  to  avoid  difficulties  that 
hampered  both  the  Stanley  header  and  the  longwall  machines  ;  e.g.,  the 
water  could  be  avoided  by  cutting  a  little  higher  up  the  face  of  the  coal, 
and  leaving  a  shallow  bench  to  be  afterwards  wedged  up  ;  an  irregularity 
or  roll  in  the  pavement  could  be  negotiated  in  a  similar  manner  ;  a  stone 
or  layer  of  pyrites  could  be  cut  around  and  dislodged  ;  and  then  the 
greatest  advantage  of  all — the  road  could  be  driven  the  full  size  from  the 
commencement,  and  completed  day  by  day. 

The  deeps  were  driven  12  feet  wide  and  7  feet  high.  The  maximum 
rate  of  progress  was  90  feet  a  week  in  each  road,  working  three  8  hours' 
shifts  ;  the  average  rate  being  about  80  feet.  This  speed  would  have 
been  exceeded,  but  the  wide  heading  in  so  thick  a  seam  yielded  a 
large  tonnage,  say  10  tons  to  the  yard,  and  it  was  not  possible  to  remove 
this  quantity  as  rapidly  as  it  could  be  cut  and  blasted.  As  fast  as  the 
deeps  were  driven  down,  rooms  were  broken  off,  and,  by  the  time  they 
had  reached  the  present  limit  of  2,000  feet,  working-places  were  ready 
from  the  top  of  the  deep  to  the  bottom.  The  same  process  was  repeated 
on  the  south  levels,  affording  at  the  end  of  one  year  from  the  commence- 
ment of  driving  to  the  deep  of  the  shaft,  3,500  lineal  feet  of  workings, 
75  rooms,  and  an  output  of  1,000  tons  per  day;  the  whole  being  opened 
out  and  mined  by  the  machinery  which  has  already  been  described. 

Mode  of  Operation. — The  writer  will  now  give  an  account  of  the 
method  of  handling  and  working  percussion-machines,  and  the  same 
description  applies  equally  to  the  three  varieties  mentioned. 

The  machine,  if  the  pavement  be  hard,  can  be  dragged  from  room  to 
room  on  its  own  wheels  by  means  of  a  rope,  and,  if  the  grade  does  not 
exceed  1  to  12,  two  men  can  compass  this.  If,  however,  great  expedi- 
tion is  required,  or  if  there  be  a  sufficient  number  of  machines  working 
in  any  one  section,  it  is  more  economical  to  have  them  hauled  round  on 
a  low  truck  by  a  pony ;  one  pony  and  a  boy  will  atteDd  to  twelve  or 
fifteen  machines.  The  machine,  board,  hose,  and  fittings  can  easily  be 
packed  together,  on  one  small  truck. 


COAL-CUTTING  BY  MACHINERY.  189 

Under-cutting.— -Each  machine  works  on  a  flat  board,  6  feet  long  by 
3  feet  wide,  which  should  be  substantially  made  of  pine  or  other  hard 
wood,  2  inches  thick.  This  board  is  set  endways  to  the  face  and  the 
back-end  is  raised,  so  as  to  give  the  board  a  pitch  towards  the  face  of, 
say,  3  inches  in  the  yard.  The  machine  is  then  dragged  on  the  board 
and  a  length  of  pliable  hose  connected  from  the  nearest  stationary  air- 
pipe.  The  operator  sits  on  the  board  at  the  rear  of  the  machine,  with 
one  hand  on  each  handle.  He  also,  as  a  rule,  wears  an  iron  shoe  over 
his  left  foot  and  places  that  behind  the  left  wheel,  leaving  the  right  leg 
across  the  board.  The  air  is  then  turned  on,  and  the  piston  makes  a 
stroke  on  the  face  of  the  coal,  which  causes  the  latter  partially  to  give 
way  and  the  machine  partially  to  recoil,  but  its  own  weight  and  the 
sloping  grade  of  the  board  carry  it  to  the  front  again,  and  so  the  process 
goes  on — the  machine  doing  all  the  cutting,  the  man  simply  steering 
it.  When  the  under-cutting  is  finished,  the  same  machine  can  be  used,  if 
desired,  for  shearing  ;  all  that  is  necessary  is  to  take  off  the  ordinary 
wheels  and  put  on  a  larger  pair,  proportioned  to  the  height  of  the  seam. 
In  the  8  feet  seam,  it  was  found  by  using  wheels  32  inches  in  diameter 
and  a  rather  longer  pick,  that  a  clean  shear  could  be  made  to  the  top. 

Drilling. — Following  this,  the  Jeffrey  borer  comes  along  in  charge  of 
two  workmen,  who  with  one  drill  do  the  boring  for  twenty  rooms,  that 
is,  two  holes  in  each  room,  each  5  feet  deep.  The  actual  time  for  boring 
each  hole  with  one  change  of  drill  is  two  minutes  ;  the  rest  of  the  time  is 
consumed  in  moving  the  drill  from  room  to  room,  and  in  setting  up  the 
machine. 

Blasting. — The  coal  being  undercut  from  rib  to  rib,  and  sheared 
in  the  centre,  the  two  boreholes  are  put  in  as  near  the  ribs  as 
possible,  and  blasting  follows.  Often  the  coal  comes  down  practically  in 
two  large  blocks,  with  very  little  small,  and  then  the  work  of  cleavage  is 
heavy,  the  rooms  being  from  20  to  22  feet  wide.  The  coal  is  now  ready 
for  loading,  and  the  writer  need  not  follow  the  process  further.  There 
are,  however,  three  important  points  on  which  he  knows  reliable  informa- 
tion will  be  valuable  to  the  members. 

(1)  Proportion  of  Slack. — An  important  question  arises  as  to  the  propor- 
tion of  slack  made  by  the  machines  as  compared  with  hand-labour.  To 
illustrate  this  matter,  the  writer  appends  a  sketch  (Fig.  14,  Plate  XIII.) 
which  shosvs  in  section  the  space  cut  away  by  each  method  in  the  same 
seam.  This  drawing  is  made  from  actual  measurements  and  represents 
in  each  case  a  fair  average  result.     It  will  be  seen  that  there  is  a  saving 
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of  coal  in  favour  of  the  machine  of  about  40  per  cent.,  i.e.,  the  machine 
makes  40  per  cent,  less  slack  than  hand-labour,  and  the  reason  is  obvious  : 
the  workman  requires  more  room  underneath  after  the  first  cut  to  swing 
his  arms  and  pick,  than  the  machine  to  drive  its  cutter. 

(2)  Quality  of  Goal. — The  machine  has  no  effect  on  the  quality  of  the 
coal  produced,  if  ordinary  intelligence  and  skill  be  used  in  directing  it, 
and  especially  in  taking  the  cut  clean  up  to  the  rib,  and  making  it  a  little 
deeper  there  than  elsewhere,  so  that  when  the  shot  is  fired,  it  will  fall 
readily. 

(3)  Amount  of  Work. — In  making  an  estimate  of  the  amount  of  work 
performed  as  compared  with  that  done  by  hand-labour,  it  is  necessary  to 
remember  that  the  general  arrangements  are  totally  different  for  the  two 
systems.  In  the  case  of  the  machine,  the  operator  does  nothing  else  but 
attend  to  his  machine,  and  he  has  a  helper  to  rake  away  his  cuttings,  and 
help  him  generally.  This  keeps  the  machine  profitably  employed  all  the 
time.  In  the  case  of  hand  pick-work,  the  workman  performs  all  the  pro- 
cesses of  cutting,  shearing,  blasting,  loading,  and  timbering.  Confining 
the  estimate,  however,  exclusively  to  the  under-cutting,  the  writer  finds 
that  an  average  day's  work  for  a  hand  pick-man  is  about  50  square  feet, 
and  for  a  percussion-machine  about  200  square  feet ;  although  a  good 
workman  can  under-cut  300  square  feet,  and  in  the  special  test  referred 
to,  the  three  runners  averaged  more  than  500.  These  figures  show  the 
actual  capacity  of  the  machine,  but  in  average  working  it  is  safe  to  assume 
that  when  once  the  workmen  have  become  accustomed  to  the  use  of  the 
machine,  they  can  comfortably  manage  from  200  to  300  square  feet. 

The  writer  appends  a  statement  showing  the  details  of  the  result  of  the 
special  test,  which  excited  great  interest,  and  established  a  record  for 
this  class  of  work. 

Table  I. — Showing  the  Areas  of  Coal  Under-cut  at  the  Dominion  No.  1 
Mine,  during  the  Special  Test  in  August,  1895. 


Name  of  Machine. 

Under- 
cut. 

Sq.  Feet. 

6,038 
5,929 
4,940 

16,907 

Full 
Days. 

Cut. 
Per  Day. 

Hours 
Worked. 

Cut. 
;Per  Hour. 

Ingersoll- Sei'geant 

Yoch           

Harrison     ... 

Totals          

Average 

11 
11 
11 

Sq.  Feet. 

549 
539 
440 

97 
99 
99 

Sq.  Feet. 
62-24 
59-88 
49-89 

33 

1,528 

295 

172-01 

5,635 

11 

509 

98 

57-30 

(4)  Physical  Effects.— The  question  has  often  been  asked,  as  to  whether 
working  with  the  machine  is  harder  for  the  workman,  and  as  a  rule  it  has 
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been  presupposed  that  the  reply  would  be  in  the  affirmative.  The 
writer  has,  however,  no  hesitation  in  stating  that  after  the  first  month 
the  work  is  decidedly  easier,  being  less  exacting  than  hand  pick-work,  and 
as  a  matter  of  fact  when  workmen  have  once  learned  how  to  manage  the 
machine  they  will  not  give  them  up  on  any  account.  "When  they  were 
first  introduced  in  Cape  Breton,  every  one  was  opposed  to  them — not  a 
workman  would  look  at  them.  Experts  had  to  be  imported  to  start 
them,  and  instruct  the  workmen.  That  was  two  years  ago  ;  to-day  there 
is  not  one  expert  left.  There  are  now  workmen  who  can  cut  more  coal 
than  the  experts  did  when  here.  There  are  more  applicants  than  machines, 
and  last  year  the  machines  under-cut  226,000  tons.  This  statement 
marks  considerable  progress  for  so  short  a  time,  and  speaks  well  for  the 
popularity  and  efficiency  of  the  machines. 

Yoch  Machine. 

The  writer  has  dealt  at  considerable  length  upon  the  construction, 
capacity,  and  method  of  working  of  the  Ingersoll-Sergeant  machine,  because, 
as  previously  stated,  it  is  fairly  representative  of  the  three  machines  of  this 
type  under  consideration.  There  are,  however,  several  special  features 
about  the  Yoch  machine  (Fig.  15,  Plate  XIII.)  which  will  repay  attention, 
and  which  the  writer  would  now  like  to  point  out.  He  may  preface  a 
detailed  description  of  its  construction  by  saying  that  the  principal 
features  are  additional  weight,  larger  cylinders,  and  the  important  factor 
that  it  cushions  upon  air  instead  of  upon  a  leather  buffer,  as  in  the  case 
of  the  other  machines.  This  cushioning  is  effected  by  means  of  an 
escapement-valve,  which  allows  a  small  quantity  of  the  compressed  air  to 
reach  the  front  of  the  cylinder  in  time  to  receive  the  piston.  The  advan- 
tages are  considerable,  as  the  air  is  elastic,  and  there  is  consequently 
less  jar  and  vibration  on  the  machine,  to  the  advantage  of  the  latter  as 
well  as  of  the  workmen. 

One  of  the  first  objections  always  raised  to  the  Yoch  machine  is  its 
additional  weight,  a  matter  of  some  400  pounds  greater  than  the  Inger- 
soll-Sergeant or  Harrison  machine.  This  necessitates  a  horse  for  moving 
it  round  from  room  to  room  ;  but  there  are  compensations  :  (a)  although 
heavier  it  is  just  as  easy  to  steer  ;  (b)  having  larger  cylinders,  and  being 
somewhat  more  compact,  and  altogether  stronger  in  construction,  it 
strikes  a  heavier  blow  ;  (c)  it  is,  the  writer  is  disposed  to  think,  less 
liable  to  get  out  of  order  ;   and  (77)  there  is  less  vibration. 

When  first  introduced  the  workmen  were  opposed  to  it,  and  all  were 
in  favour  of  the  smaller  machines  ;  but  it  is  a  singular  fact  that,  during 
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the  last  season,  after  trying  one  or  two  of  the  Yoch  machines,  they 
became  very  popular,  and  in  a  little  while  the  whole  of  them  were  asked 
for  and  placed  in  the  hands  of  workmen  who  had  previously  been  working 
the  other  machines.  This  favourable  opinion  bears  out  a  remark  which 
the  writer  made  above,  to  the  effect  that  although  the  Yoch  machine 
looks  heavy,  and  suggests  at  first  sight  a  necessity  for  a  burly,  strong 
workman  to  handle  and  move  it,  as  a  matter  of  fact  it  is  not  so  in 
practice.  The  machine  and  not  the  man  does  the  work,  and  any  ordinary 
miner  can  handle  one.  It  is,  of  course,  as  true  in  connexion  with  coal- 
cutting  as  with  anything  else,  other  things  being  equal,  that  a  big  man 
is  stronger  than  a  little  one  ;  but  speaking  generally  it  is  not  true  that  a 
little  man  stands  at  any  greater  disadvantage  in  working  a  coal-cutting 
machine  than  in  using  a  pick.  In  confirmation  of  this  opinion,  the 
writer  may  state  that  although  the  Harrison  machine  came  out  at  the 
bottom  of  the  list  in  the  special  test  just  referred  to,  this  position  was 
due  entirely  to  a  defect  in  the  machine  which  was  not  discovered  before 
the  test  began,  but  it  has  since  been  remedied.  This  machine  was 
worked  by  a  man  who  weighed  less  than  150  pounds,  but  who  was  able  to 
cut  an  average  of  440  square  feet  per  day  ;  and  two  workmen,  who  only 
learned  to  operate  the  machine  in  1894,  are  the  best  cutters  in  the 
Dominion  mines,  and  neither  of  them  weighs  over  160  pounds. 

The  Yoch  mining  machine  is  of  heavy  solid  construction,  the  main 
cylinders  being  24  inches  long  by  6  inches  in  diameter.  The  piston- 
head  is  made  of  grey  cast-iron,  four  packing-rings  are  sprung  on,  closely 
fitting  to  the  walls  of  the  grooves  cut  in  the  head  to  receive  them.  The 
rings  are  cut,  so  as  to  allow  them  to  expand  outwardly  and  make  air- 
tight joints  between  the  bore  of  the  cylinder  and  the  periphery  of  the 
packing-rings ;  thereby  preventing  any  leakage  of  air  from  one  end  of  the 
cylinder  to  the  other,  and  securing  the  full  power  of  the  air-pressure 
upon  the  area  of  the  cylinder-bore.  The  piston-rod  is  3^  inches  in 
diameter  on  the  rounded  portion,  and  2|  inches  square  on  the  guiding 
or  square  portion.  It  is  fitted  with  an  ordinary  stuffing  or  packing- 
box  and  gland  to  ensure  absolute  prevention  of  leakage,  and  is  easy  of 
access  for  the  insertion  of  packing.  The  rod  has  a  range  of  stroke  from 
zero  to  16  inches,  and  can  be  instantaneously  adjusted  by  means  of  the 
regulator  to  any  length  of  stroke  desired,  within  those  limits,  and  that 
without  changing  the  position  of  the  throttle- valve. 

The  guiding-sleeve,  or  front-head  of  the  cylinder,  is  32  inches  long, 
and  is  constructed  in  one  piece,  securely  connected  with  the  cylinder. 
This  sleeve  is  cut  longitudinally  on  opposite  sides  of  the  front-end  to 
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receive  cast-steel  gibs,  used  for  the  purpose  of  holding  the  piston-rod 
in  its  true  position  in  the  centre  of  the  bore  of  the  cylinder,  and  the  inside 
surface  of  the  gibs  coming  in  contact  with  the  piston-rod  is  planed 
so  as  to  act  as  a  safe  and  reliable  guide  for  the  rod  during  its 
active  operation,  and  to  prevent  any  twisting  tendency  resulting  from 
glancing  blows  on  the  surface  or  face  of  coal,  which  invariably  occur. 
The  sleeve,  being  slotted  to  receive  the  gibs,  is  bored  out  on  the  inside,  and 
the  outsides  of  the  gibs  are  turned  true,  so  as  to  fit  the  bore  of  sleeve, 
which  is  then  held  and  clamped  securely  by  means  of  four  turned  bolts. 

This  guiding  gibs-system  embracing  the  piston-rod  for  a  length  of  12 
inches  longitudinally,  having  a  square  bearing-surface  to  prevent  the  too 
frequent  wear  which  is  noticeable  on  other  piston-rods,  with  only  3  to  4 
inches  in  length  of  bearing  on  the  gibs,  is  clearly  noticeable,  and  this  long 
bearing  with  variable  stroke  of  piston  is  appreciated  as  a  repair-saving 
quality. 

The  machine  under  discussion  is  also  equipped  with  self-acting 
automatic  air-cushions  to  prevent  the  piston-head  from  striking  the  ends 
of  the  cylinder.  Two  check- valves,  placed  in  both  ends  of  the  cylinder,  im- 
prison the  air  in  the  cylinder  so  as  to  make  a  soft  springy  cushion.  They 
require  no  attention  in  repairs,  unless,  perhaps,  a  small  piece  of  coal  or  pyrites 
becomes  lodged  between  the  check-valve  and  its  seat,  thereby  preventing 
the  proper  action  of  the  valve.  This  defect  is  self -apparent,  as  the  next 
blow  will  strike  the  cylinder-head,  and  warn  the  operator  of  the  trouble. 
The  saving  in  repairs  caused  by  this  feature  in  a  machine  of  this  kind 
makes  it  stand  a  step  far  in  advance  of  its  competitors. 

The  writer  will  now  examine  the  valve  motion  of  the  machine,  and 
trace  the  action  of  air  after  passing  from  the  air-receiver  to  the  valve,  and 
thence  to  the  piston  of  the  main  cylinder.  The  main  valve  is  driven  by  a 
separate  single-acting  reciprocating-engine,  and  is  of  the  class  known  as 
side-valves.  On  the  back  wing  of  this  valve  there  is  a  hub,  If  inches 
high  by  1^  inches  in  diameter.  On  this  hub  is  fitted  a  wing-valve,  which 
works  on  the  side  of  the  air-chest,  and  acts  as  a  cut-off  valve  between  the 
air-receiver  and  the  air  or  valve-chest.  This  cut-off  valve  is  operated  by 
a  direct  connexion  to  the  piston-rod  of  the  small  reciprocating-engine, 
and  is  connected  by  a  pitman-rod  which  drives  the  main  crank  ;  this  crank 
has  an  eccentric  key  to  it,  and  this  operates  the  small -engine  valve, 
thereby  keeping  up  a  continuous  motion.  The  forward  stroke  of  the 
small  engine-piston  propels  the  cut-off  valve  ;  this  in  its  connexion 
carries  along  the  slide-valve,  and  when  the  slide-valve  is  opening  the  cut- 
off takes  place.     It  will  be  observed  that  the  air-chest  is  charged  with  the 
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full  air-pressure,  and  then  cut  off.  The  main  valve  then  opens,  and  has 
got  a  sufficient  supply  of  air  to  complete  the  stroke  by  expansion.  This 
method  of  using  the  air  is  similar  to  that  of  measuring  out  each  particle 
necessary  to  execute  the  labour  required,  and  at  the  end  of  each  completed 
stroke  the  terrible  recoil  which  other  machines  of  this  class  possess,  is 
greatly  reduced.  It  enables  the  operator  to  use  more  power  (assisted  by 
the  weight  of  the  machine,  1,200  pounds),  at  the  start  of  the  blow, 
utilizing  the  sudden  speed  attained  by  the  piston,  assisted  also  by  the 
imprisoned  air  in  the  main  cylinder,  cushions,  and  is  then  cut  off  after 
having  advanced  seven-twelfths  of  stroke;  the  balance  of  work  being 
performed  by  expansion. 

It  has  been  found  expedient  to  use  the  full  power  of  the  machine  in 
mining,  and  in  order  to  be  able  to  handle  the  same,  without  the  recoil  jarring 
the  operator  so  severely  as  to  call  forth  protest,  and  eventually  condemn  the 
tool,  the  inventor  saw  plainly  that,  instead  of  decreasing  the  power  of  the 
machine,  it  was  necessary,  by  auxiliary  mechanism,  to  control  and  use  the 
full  power,  and  overcome  the  inconvenience  which  recoil  and  jar  would 
cause  to  the  operator.  Hence,  he  introduced  a  novel  and  useful  feature  : 
an  air-brake  which  operates  automatically  upon  the  right-hand  wheel  of 
the  machine.  This  brake  applies  itself  to  the  wheel  only  on  the  outward 
movement  of  the  piston,  and  is  so  accurately  adjusted  that  it  times  itself 
to  each  blow  of  the  pick  upon  the  surface  or  work  operated  on.  This 
brake  is  thoroughly  reliable  and  exactly  accomplishes  its  functions  ; 
it  prevents  side-glancing  of  the  picks,  and  allows  the  operator  to  accu- 
rately guide  the  strokes  of  the  piston. 

Another  novel  feature  with  which  Mr.  Yoch  is  now  equipping  some 
new  machines,  is  a  double-acting  piston-head  ;  one  plunger  acts  on  the 
wheel,  and  another  acts  on  a  friction-shoe  which  trails  under  and  in  the 
rear  of  the  main  cylinder.  This  trail  or  platform -brake  is  used  to  assist  the 
operator  to  steady  the  machine  and  correctly  direct  its  blows,  at  any  angle 
above  or  below  a  horizontal  line.  Those  two  points  being  automatically 
taken  care  of  by  the  brake,  it  only  remains  for  the  runner  to  crowd  on 
pressure  and  get  the  full  working  capacity  out  of  the  machine. 

Another  valuable  appliance,  which  is  to  be  found  only  on  this 
machine,  is  the  pressure-regulator.  This  is  a  very  simple  device  which 
exerts  a  wonderful  influence  upon  the  action  of  the  machine.  It  consists 
of  a  small  dome-shaped  casing  in  which  are  two  spiral  springs,  one 
within  the  other,  and  made  from  T%-  and  T3¥  inch  steel  spring  wire. 
These  springs  are  placed  on  to  a  double-faced  valve,  which,  when  the 
springs  are  compressed,  increase  the  opening  between  the  hose  and  the 
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machine,  admitting  the  necessary  amount  of  air  to  keep  up  the  power 
required  by  the  operator,  regardless  of  the  pressure  applied  on  the  room 
or  entry  piping.  The  throttle-valve  may  be  turned  wide  open,  and  this 
regulator-valve  can  be  so  adjusted  as  to  make  the  piston  travel  fast  or 
slow,  or,  if  required,  the  action  of  the  machine  can  be  stopped  by  this  useful 
piece  of  mechanism. 

System  of  Working. 

Having  now  given  all  the  information  which  the  writer  thinks  is 
necessary  to  enable  the  members  to  form  a  definite  idea  of  these 
machines,  he  will  refer  briefly  to  the  system  which  has  been  found  most 
advantageous  in  conducting  the  various  operations  of  mining  in  con- 
nexion with  them.  It  is  obvious  that  where  a  large  sum  of  money 
has  been  expended  in  plant  and  machinery,  one  of  the  first  essentials  is 
to  arrange  the  working  so  that  the  machines  may  be  kept  in  operation 
during  the  whole  of  the  time,  and  not  kept  lying  idle  while  the  operator 
discharges  any  other  of  the  duties  which  are  usually  undertaken  by  a 
coal-cutter. 

It  has  been  found  economical  to  divide  the  various  processes  among 
different  workmen,  and  the  arrangement  works  out  as  follows  :  the 
machine  is  operated  by  one  man,  who  has  a  helper.  The  duties  of  the 
helpers  are  to  assist  in  moving  the  machine  from  room  to  room,  fixing 
it  in  position  to  commence  work,  and  raking  the  slack  from  underneath 
the  cutting  as  it  is  produced.  When  the  undercut  and  shearing  are 
completed,  the  next  operation  is  boring  ;  this  can  be  readily  managed 
by  placing  the  Jeffrey  drill  in  the  hands  of  two  workmen,  and  allotting 
them  a  sufficient  number  of  rooms  to  fill  their  day.  In  practice  we  have 
found  that  they  can  manage  about  twenty  rooms,  or  forty  holes. 

The  next  process  is  the  blasting,  and  as  this  requires  to  be  done  by 
men  who  are  both  skilful  and  careful  it  has  been  found  advantageous 
to  engage  some  of  the  best  miners  and  give  them  charge  of  this  depart- 
ment, and  of  the  timbering  and  general  safety  of  the  rooms. 

The  last  operation,  loading,  is  performed  by  cheaper  labour,  under 
the  supervision  of  the  previous  gang  of  men. 

The  whole  of  the  work  is  done  by  contract,  and  in  this  way  it  is 
found  that  the  maximum  tonnage  and  the  best  results  are  obtained. 

Extra  Supervision. — Of  course,  it  will  be  obvious  to  the  members 
that  if  the  full  advantage  of  mining  coal  in  this  manner  is  to  be  obtained 
special  arrangements,  such  as  those  named,  and  constant  supervision, 
will  be  necessary,  as  the  tonnage  of  coal  produced  in  a  given  district 
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is  so  much  greater  than  by  the  old  method.  The  increased  production 
necessitates  better  organization  and  closer  attention,  especially  in  the 
manner  of  performing  the  various  processes  which  follow  the  cutting  of 
the  coal.  It  also  becomes  increasingly  important  that  the  haulage-appli- 
ances should  be  of  the  best  kind,  as  half  the  benefit  of  the  system  will 
be  lost  unless  the  coal  be  moved  from  the  working-places  as  readily  as 
it  can  be  loaded. 

For  these  reasons  it  will  be  manifest  that  the  difficulties  of  installing 
such  a  system  in  a  mine  which  has  been  operated  perhaps  for  many 
years  by  hand-labour  are  considerably  greater  than  when  it  is  possible 
to  lay  out  the  mine  from  the  commencement  with  this  end  in  view. 
In  the  latter  case  nothing  is  easier,  and  the  writer  ventures  to  think 
that  from  this  date  forward  very  few  large  mines  will  be  opened  without 
keeping  this  factor  well  in  view,  as,  unless  we  are  to  be  left  behind  in 
the  race  of  competition  with  all  the  foreign  coal  trade,  we  must  adopt  the 
same  methods  as  our  successful  competitors,  where  these  methods  have 
been  shown  to  cheapen  production. 

General  Requirements. — The  principal  requirements  to  be  borne  in 
mind  in  opening  any  such  mine  are,  efficient  motive  power,  large  pipe- 
ways,  sufficient  receivers,  dry  air,  cooling  appliances  in  the  air-compressor 
house,  and  ample  hauling-roads  and  airways.  In  the  latter  connexion 
it  must  not  be  forgotten  (so  long  as  blasting  is  resorted  to)  that  in  pro- 
ducing so  much  more  coal  over  a  given  area  a  greater  quantity  of  powder- 
smoke  is  given  off,  and  larger  airways  are  necessary. 

Cost. 

The  writer  has  reserved  until  the  last  the  consideration  of  a  branch  of 
this  subject  upon  which  he  knows  the  members  will  be  anxious  to  have 
some  information,  but  which  is  the  most  difficult  to  deal  with,  namely, 
the  question  of  cost.  It  is  certain  that  experience  in  Cape  Breton  in 
this  respect  would  be  no  guide  to  the  cost  in  Great  Britain,  all  the 
conditions  being  so  totally  different.  For  instance,  the  coal-seams  are 
uniformly  alike,  being  of  considerable  thickness,  hard,  with  a  rock  roof, 
and  a  strong  pavement.  In  this  respect  all  the  conditions  are  favour- 
able to  the  use  of  mining  machinery,  more  so  than  in  the  average 
British  mine.  On  the  other  hand,  owing  to  the  severity  of  the  climate 
and  the  freezing  of  the  St.  Lawrence  river,  the  mines  lie  idle  practically 
during  four  months  in  the  year,  and  as  a  consequence  the  workmen 
must  earn  a  larger  daily  wage  in  the  shipping  season  than  the  average 
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miner  in  the  old  country,  who  works  more  or  less  all  the  year  round. 
It  would  therefore  be  useless  to  quote  our  figures.  The  writer  has, 
however,  made  a  careful  calculation,  based  upon  his  experience  in  the 
colony  and  his  knowledge  of  the  conditions  of  mining  at  home,  and  he 
believes  that  the  following  figures  may  be  relied  upon  as  giving  a  fairly 
accurate  estimate  of  the  cost  of  setting  up  and  maintaining  a  coal-cutting 
plant,  and  of  the  various  processes  of  mining  under  that  system — if  applied 
to  an  average  seam  in  Great  Britain. 

For  this  purpose  he  will  assume  a  strong  coal-seam,  6  feet  thick, 
with  a  good  roof  and  hard  floor,  and  will  consider  the  same  under  two 
aspects.  First,  on  the  assumption  that  it  is  proposed  to  introduce  coal- 
cutting  machinery  into  a  mine  already  being  worked  on  the  pillar-and- 
room  system  in  one  district  which  is  required  to  yield  500  tons  of  coal 
per  day.  This  would  require  from  thirty-five  to  forty  rooms,  each  20 
feet  wide,  or  a  corresponding  length  of  working-face.  The  writer  has 
found  in  practice  that  each  machine  is  capable  in  such  a  seam  of  under- 
cutting 50  tons  per  day ;  and.  making  allowance  for  delays,  falls,  and 
other  hindrances,  he  allots  three  rooms  to  each  machine. 

In  the  case  of  a  mine  worked  on  the  longwall  system,  the  surface 
expense  of  plant  and  machinery  would  be  in  about  the  same  proportion 
to  the  tonnage  required.  The  figures  in  Tables  II.  and  III.  could  there- 
fore be  used  in  this  connexion,  but  for  percussion-machines  and  room- 
fittings,  substitute  one  Mitchell  longwall  machine  for  each  200  tons  of 
coal  worked  per  day,  at  a  cost  of  £500  each. 

Table  II.— Showing  the  Cost  of  Installation  of  Plant  for  an  Output  of 
500  Tons  per  Day,  with  Percussion-Machines. 
1  Lancashire  boiler  of  150  hcrse-power,  with  fittings  complete, 

and  erected  ...         ...         ...         ...         ...         ...         ...        £650 

1  straight-line  air-compressor,  cylinders  16  and  24  inches  in 
diameter,  and  30  inches  stroke,  with  pipes,  fittings,  and  all 
appliances  complete,  and  erected        ...         ...         ...         ...       2,000 

Engine-house  for  air-compressor      ...         ...         ...         ...         ...  300 

Pipe-line  from  air-compressor  to  working-faces,  estimated  dis- 
tance 1  mile,  mains  8  inches  and  4  inches  in  diameter      ...  650 
Small  pipes,  hose,  fittings,  etc.,  to  30  rooms        ...         ...         ...           500 

12  percussion-machines,  with  picks,  etc.,  at  £100  each,  complete       1,200 
Labour  in  laying  pipe-lines,  etc.,  not  included  in  the  above 

estimate    ...         ...         ...         ...         ...         ...         ...         ...  150 


Total  £5,450 

Note. — Ten  per  cent,  should  be  added  for  contingencies. 

The  question  of  how  this  cost  compares  with  the  cost  of  a  similar 
seam  worked  by  hand  is  a  matter  which  the  author  is  unable  to  go  into, 
but  for  purposes  of  comparison,  he  thinks  that  the  above  figures  will  be 
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Table  III.— Showing  the  Cost  of  Installation  of  Plant  in  laying  out  a 
New  Mine  from  the  Commencement  for  an  Output  of  2,000  Tons 
per  Day,  with  Percussion-Machines. 

3  Lancashire  boilers,  each  of  150  horse-power,  with  fittings 

complete,  and  erected    ...         ...         ...         ...         ...         ...    £1,950 

Boiler-house      300 

2  compound  air-compressors,  cylinders  22  and  44  inches  in  dia- 
meter and  42  inches  stroke,  with  pipes,  cooling-appliances, 

water-tanks,  fittings,  etc.,  complete,  and  erected 8,000 

Engine-house  for  air-compressor      ...         ...         ...         ...         ...  600 

Pipe-line,  from  air-compressor  to  working-faces,  estimated  dis- 
tance 1  mile,  mains  12,  8,  and  4  inches  in  diameter  ...        1,000 
Small  pipes,  hose,  fittings,  etc.,  to  120  rooms     ...         ...         ...       2,000 

40    percussion-machines,    with    picks,    etc.,    at    £100     each, 

complete ...         ...         ...         ...         ...         ...       4,000 

Labour  in  laying  pipe-lines,  etc.,  not  included  in  the  above 

estimate     ...         ...         ...         ...         ...         ...  500 


Total  £18,350 

Note. — Ten  per  cent,  should  be  added  for  contingencies. 

Table  IV. — Showing  the  Estimated  Cost  per  Ton  of  Mining  with 
Percussion-Machines. 

s.    d.  s.    d. 

Labour — 

Under-cutting 

Shearing 

Boring 

Blasting,  including  cost  of  powder 

Timbering,  and  special  supervision 

Loading         ...         


Stores,  etc. — 

Material,  and  other  charges 

Machine  supplies     ...         ...         ...         ...         

Proportion  of  motive  power 

Depreciation  of  plant  and  machinery,  and  interest  on 

outlay ...         ...         ...         ...         0     1 


0 

3 

0 

1 

0 

Oh 

0 

4 

0 

2 

0 

4 

0 

1 

0 

2 

0 

1 

1     0 


0    5 


Total         1     5 

found  reliable.  He  would,  however,  before  leaving  this  matter,  point 
out  that  whatever  advantage  may  be  derived  from  the  use  of  per- 
cussion-machines in  the  ordinary  working-places  of  the  mine,  there  is  no 
doubt  whatever  that  they  are  of  immense  advantage  in  driving  headings. 
The  writer  has  referred  to  this  at  greater  length  at  an  earlier  part  of  the 
paper,  but  he  mentions  it  now  so  that  due  weight  may  be  given  to  that  fact 
in  considering  the  question  of  cost. 

The  writer  estimates  that  in  such  a  coal-seam  as  is  now  under  con- 
sideration, a  heading  12  feet  wide  and  6  feet  high,  intended  for  a  double 
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track  for  endless-rope  haulage,  can  be  driven  in  Great  Britain  for  about 
Is.  2d.  per  ton  on  the  coal  excavated,  inclusive  of  yardage  and  tonnage, 
and  a  single  road,  say  6  feet  wide  and  6  feet  high,  for  Is.  6d.  per  ton  on 
the  coal  excavated.     This  includes  cutting,  blasting,  and  filling  only. 

In  making  these  estimates  the  writer  is  bearing  in  mind  the  average 
rate  of  wages  earned  by  miners  in  Great  Britain,  and  he  is  assuming  that 
the  same  result  would  follow  the  introduction  of  this  class  of  mining 
machinery  as  in  the  case  of  Cape  Breton,  namely,  that  the  machine 
operators  would  expect  to  earn  increased  wages. 

General  Conclusions. 
To  summarize  briefly  the  conclusions  at  which  the  author  has  arrived 
as  the  result  of  experimenting  and  working  with  the  foregoing  machines, 
he  considers  that  it  has  been  amply  demonstrated  : — 

Advantages. — (1)  That  in  consequence  of  keen  competition,  and  the 
necessity  for  increasing  to  the  maximum  capacity  the  output  of  mines, 
some  mechanical  means  for  cutting  coal  must  be  adopted  in  the  near 
future. 

(2)  That  one  or  other  of  these  machines  can  be  used  with  advantage, 
both  on  the  score  of  efficiency  and  economy,  for  the  purpose  of  mining 
coal. 

(3)  That  it  is  possible  to  introduce  the  system  into  any  well  regulated 
mine  at  present  in  operation,  although  it  may  not  have  been  laid  out 
originally  with  this  intention. 

(4)  That  it  is  practicable  to  work  one  district  of  a  mine  on  this 
system  without  adopting  it  for  the  whole  of  the  mine,  and  without  inter- 
fering with  the  other  districts,  but  it  is  not  economical  to  do  so,  unless 
the  whole  of  the  district  can  be  given  up  to  it. 

(5;  That  in  the  case  of  a  new  colliery  just  being  opened,  it  is  in  the 
highest  degree  advisable,  unless  the  conditions  of  the  mine  are  exceedingly 
difficult  (such  as  an  abnormally  bad  roof,  and  soft  wet  floor)  to  make  pro- 
vision in  the  first  instance  for  the  introduction  of  mining  machinery. 

(6)  That  in  the  case  of  an  exceptionally  favourable  mine  with  strong 
roof  and  floor,  it  would  be  the  best  policy  to  lay  down  the  plant  from  the 
commencement  with  the  view  of  working  the  whole  of  the  output  by 
machinery,  and  the  larger  the  output  required  the  greater  the  advantage 
of  this  system. 

(7)  That  while  there  is  an  undoubted  saving  in  the  actual  cost  of 
production,  this  is  not  the  only,  nor  indeed  the  most  apparent  advantage. 
The  author  considers  that  in  the  opening  up  of  a  new  mine  it  would  pay 
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to  put  down  a  small  plant  for  the  purpose  of  driving  all  the  headings, 
even  if  it  were  taken  out  again,  and  not  used  for  the  ordinary  mining  of 
coal,  so  great  is  the  saving  which  can  be  effected  in  the  cost  of  this  class  of 
work,  and  also  in  the  speed  with  which  it  can  be  performed.  The  writer 
has  no  data  to  guide  him  in  this  statement,  but  during  an  experience  of 
more  than  twenty  years,  the  opening  up  and  development  of  a  new  mine 
to  a  capacity  of  1,000  tons  per  day  within  a  year  is  without  parallel,  and 
this  was  effected  at  the  Dominion  No.  1  mine.  Such  a  result  must  be 
accredited  entirely  to  the  use  of  mining  machines. 

(8)  A  further  advantage  is  the  larger  tonnage  of  coal  which  can  be 
produced  from  a  given  area  or  length  of  working-face.  This  increase  the 
writer  estimates  at  double  the  production  of  hand-picks,  and  it  is  hard  to 
calculate  the  extent  of  the  saving  in  a  large  mine  due  to  this  fact.  It 
means  half  the  length  of  working-face,  and  probably  not  more  than  75 
per  cent,  of  the  roads  and  airways  to  be  constructed  and  maintained  for 
any  given  output. 

(9)  There  is  a  further  advantage  of  a  very  material  character  in  the 
fact  that  a  so  much  larger  output  of  coal  can  be  secured  with  the  same 
number  of  men,  and  there  are  times  when  under  sudden  stress  of  demand 
this  becomes  a  very  important  matter,  as  it  enables  one  to  respond  more 
promptly,  and  without  difficulty  to  a  sudden  demand,  the  elasticity  of  the 
system  being  much  greater  than  is  possible  under  the  older  method. 

(10)  The  writer  would  also  class  with  the  advantages  the  fact  that, 
whilst  working  at  a  price  which  is  satisfactory  to  the  employer,  the 
machine-operator  can  earn  considerably  more  money  than  by  the 
hand-picks.  This  soon  popularizes  the  machine,  and  makes  contented 
workmen.  It  is  also  a  move  in  the  direction  of  all  modern  mechanical 
substitutes  for  arduous  and  unnecessary  manual  labour,  which  ought 
soon  to  be  as  obsolete  in  the  mine  as  it  is  in  a  well-equipped  modern  iron 
and  steel  works. 

Of  course,  some  of  these  advantages  are  not  so  apparent  in  a  densely 
populated  country  with  surplus  labour  generally  at  hand  ;  but  in  a  new 
country,  or  even  in  a  new  district,  it  would  be  impossible,  within  a  short 
time,  to  collect  a  sufficient  number  of  men  to  open  up  and  develop  a  large 
mine.  We  all  know,  under  such  circumstances,  the  experience  of  collecting 
men  together  a  few  at  a  time,  and  making  what  appears  to  be  snail-like 
progress,  while  capital  is  being  expended,  and  the  mine  is  eating  its  head 
off  with  interest ;  and  under  any  circumstances,  if  there  be  a  justification 
for  opening  up  a  new  mine,  there  must  be  at  least  equally  sufficient 
reason  for  opening  it  up  as  quickly  as  possible. 
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Disadvantages. — (11)  There  are  certain  disadvantages  that  should  be 
enumerated.  Among  these  are  the  addition  of  a  considerable  sum  to 
the  capital  outlay,  and  consequently  the  fact  that  in  times  of  stagnation 
there  is  much  more  capital  lying  idle  ;  the  difficulty  and  opposition  which 
has  to  be  encountered  in  introducing  a  new  method  ;  and  the  necessity  for 
conducting  the  general  operations  of  the  mine  upon  a  different  system. 

It  must  also  not  be  forgotten  that  mining  by  machinery  entails  in 
some  respects  a  great  deal  of  additional  worry  and  anxiety  upon  the 
managing-staff.  Xothing  could  be  simpler  than  that  a  workman  should 
carry  his  picks  into  the  mine  with  him,  or  obtain  them  at  some  station, 
do  his  work,  carry  them  out,  and  there  is  an  end  to  the  matter  ;  but 
cutting  by  machinery  means  an  almost  daily  lengthening  of  pipes  in  each 
working-place,  the  keeping  of  a  large  array  of  hose  and  fittings  in  work- 
ing condition,  the  sharpening  and  supply  of  the  picks  for  the  machines, 
which,  owing  to  the  harder  blow  struck,  are  damaged  or  worn  out  much 
more  quickly  than  a  hand-pick ;  the  supply  of  duplicate  parts,  and  doing  of 
constant  necessary  repairs  to  the  machines  themselves.  All  these  details 
involve  much  labour  and  attention,  and  unless  the  staff  be  thoroughly 
well  organized,  and  every  detail  carefully  attended  to,  a  satisfactory  result 
cannot  possibly  be  achieved.  A  successful  result,  however,  as  the  mem- 
bers will  observe,  is  entirely  a  matter  of  organization.  There  are  no 
insuperable  difficulties,  and  when  once  a  mine  has  settled  down  to  this 
system,  it  is  quite  possible  to  run  along  smoothly  and  efficiently  ;  in  the 
introduction  of  the  method,  however,  much  trouble  lies. 

Balancing  the  advantages  with  the  disadvantages,  the  writer  has  no 
hesitation  in  saying  that  the  former  largely  predominate. 

The  writer  must  apologize  for  the  length  of  this  paper,  which  can 
only  be  defended  on  the  ground  that,  as  he  is  residing  at  a  distance  of 
3,000  miles  from  your  meeting,  it  is  perhaps  justifiable  to  enter  into  the 
matter  with  more  detail  than  would  be  necessary  if  he  were  present  to 
read  the  paper,  and  take  part  in  the  discussion.  The  importance  of 
the  subject  cannot  be  over-estimated.  Like  most  Englishmen  he  had 
seen  but  little  coal  cut  by  machinery  at  home.  At  first  he  entertained 
all  the  prejudices  which  might  be  expected  from  an  old  countryman 
against  a  radically  new  system.  After  watching  it  carefully  and  handling 
it  in  all  departments  he  is  a  convert,  and  does  not  hesitate  to  say  to-day 
to  his  confreres  at  home  that  it  is,  he  believes,  the  system  of  the 
near  future.  And  that  for  many  reasons,  in  addition  to  those  which 
he  has  stated  above,  and  which  will  become  increasingly  apparent 
and   powerful    as    time    progresses,    the  coal-mines  of    Great   Britain 
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will  be  compelled  before  long  very  largely  to  abandon  the  primitive 
method  of  cutting  coal  by  hand.  Of  course,  these  observations  can 
have  no  reference  to  mines  where,  owing  to  the  superincumbent  pressure 
or  texture  of  the  seam,  little  or  no  under-cutting  is  required ;  but  so 
long  as  headings  have  to  be  driven  and  strong  seams  of  coal  have  to 
be  undercut  and  sheared  a  machine  will  do  this  more  efficiently  and 
economically  than   a  hand-pick. 


The  President  said  that  some  of  the  members  in  this  district  had 
coal-cutting  machines  at  work,  and  he  hoped  that  they  would  give  the 
members  the  benefit  of  their  knowledge  of  the  subject.  The  seams 
worked  in  this  district  were  very  much  thinner  in  section  than  those 
mentioned  in  the  paper,  and  if  machines  could  be  more  extensively 
used  here,  it  might  possibly  reduce  the  cost  entailed  by  the  use  of 
expensive  hand  labour. 

Prof.  H.  Louis,  referring  to  the  Ingersoll-Sergeant  machine,  said  there 
were  two  points  on  which  he  would  like  information.  He  understood  the 
paper  to  describe  the  man  in  charge  of  the  machine  as  having  simply  to 
attend  to  it,  and  reference  was  made  to  the  day  when  there  would  be  no 
more  manual  labour  in  reference  to  coal-cutting.  He  understood,  how- 
ever, from  those  who  had  worked  them,  that  the  manual  labour  necessary 
in  using  these  machines  was  very  considerable,  and  the  workman  had  to 
exert  very  considerable  strength  to  make  the  machine  do  effective  work. 
It  was  necessary  to  sprag  the  machine  with  both  hand  and  foot :  with 
a  chisel  cutting  200  blows  a  minute  that  in  itself  required  a  good  deal 
of  exertion,  and  the  men  who  worked  these  machines  asked  a  high  rate 
of  wages.  In  another  place  the  writer  mentioned  that  there  was  more 
wear-and-tear  on  the  chisels  in  the  Ingersoll-Sergeant  machine  than  on 
the  pick  in  hand-cutting.  This  was  exactly  the  reverse  of  what  took 
place  with  the  ordinary  percussion  rock-drill,  with  which  when  cutting 
hard  rock  less  than  half  the  wear  of  ordinary  machine  drill-chisels  was 
experienced,  and  it  would  be  interesting  to  have  an  explanation  of  the 
difference. 

Mr.  M.  Walton  Brown  said  that  it  was  stated  in  the  paper  that  the 
wages  were  higher  for  machine  than  for  hand-pick  work. 
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Prof.  EL  Louis  said  that  in  the  province  to  which  the  paper  referred, 
men  working  ordinary  hand-picking  could  get  1,200  tons  per  annum 
per  man,  so  that  some  reliable  statistics  on  the  matter  were  desirable. 

Mr.  William  Blakemore,  replying  to  the  observations  of  Prof. 
Louis,  explained  that  his  remark  as  to  the  man  in  charge  of  the  machine 
having  simply  to  attend  to  it,  applied  to  the  Mitchell  longwall,  and  not 
to  the  Ingersoll  machine,  as  a  reference  to  the  text  of  the  paper  would 
show.  Prof.  Louis  was  quite  right  in  stating  that  considerable  manual 
labour  was  required  in  handling  percussion-machines,  and  the  paper 
explains  that  both  hand  and  foot  are  used.  But  the  writer  still  adheres 
to  his  opinion,  based  upon  the  employment  of  upwards  of  70  of  these 
machines,  that  the  exertion  is  no  greater  than  in  the  case  of  hand-picks. 
There  are  several  reasons  for  this — the  attitude  is  less  constrained,  and 
with  the  employment  of  skill  the  exertion  is  less  continuous,  as  the 
machine  can  be  made  to  do  much  of  the  work  itself,  and  in  the  case  of  a 
hand-pick  every  blow  of  the  pick  must  be  wielded  by  the  arm.  The 
reason  that  men  can  command  higher  wages  is  obvious,  namely,  that  they 
produce  so  much  more  coal. 

It  is  a  fact  that  the  wear-and-tear  of  the  chisels  is  much  greater  in 
the  case  of  the  machines  than  by  hand-cutting ;  but  the  damage  to  the 
pick  is  caused  more  by  foreign  substances  in  the  coal  than  by  concussion 
with  the  coal.  As  many  as  60  machine-picks  have  been  used  in  coal- 
holing  in  a  single  shift,  but  this  was  under  exceptional  circumstances. 
The  average  number  allotted  to  each  workman  is  12,  whereas  -1  to  6 
hand-picks  will  suffice  for  a  day's  work. 

The  number  of  tons  per  annum  cut  by  hand-pick  and  by  machine 
varies  very  much  in  different  districts,  but  to  give  Prof.  Louis  reliable 
figures,  the  writer  may  quote  from  the  last  pay  roll  at  the  mine  under 
consideration,  namely,  for  the  week  (5  days'  work)  ending  May  15th, 
1896,  when  13  machines  produced  2,943  tons  of  coal,  an  average  of  226 
tons  each  for  the  week,  or  904  tons  for  the  month.  Assuming  8  working 
months  to  the  year  in  this  district,  we  get  7,232  tons  per  machine,  which 
is  six  times  that  produced  by  a  hand-pick  man.  In  actual  practice  these 
figures  will  be  exceeded,  as  at  the  time  of  writing  men  have  not  settled 
down  to  their  average  summer's  work. 

With  reference  to  the  President's  remark  that  the  average  coal-seam  in 
England  was  much  thinner  than  the  one  under  consideration,  the  writer 
admits  this,  but  would  point  out  that  the  thinner  the  seam  the  greater 
the  advantage  of  the  machine,  speaking  relatively,  since  the  excavation 
required  in  the  process  of  under-cutting  is  less  than  by  hand-pick. 
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On  the  motion  of  the  President,  a  vote  of  thanks  was  accorded  to 
the  writer  of  the  paper,  and  the  discussion  was  adjourned. 


The  Secretary  read  the  following  paper  on  "  A  Compound  Winding- 
engine,"  by  Mr.  W.  Galloway  : — 
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A  COMPOUND  WINDING-ENGINE. 


By  W.  GALLOWAY. 


The  compound  winding-engine,  which  is  now  to  be  described,  was 
erected  about  eighteen  months  ago  by  Messrs.  John  Fowler  &  Co.,  Leeds, 
Limited,  at  Llanbradach  colliery,  near  Cardiff.  The  specification  was 
prepared  by  the  writer,  who  is  therefore  responsible  for  the  general  design, 
and  for  the  dimensions  of  the  principal  elements  of  the  engine.  The  writer 
intended  to  provide  each  of  the  four  cylinders  with  a  piston-valve,  but 
agreed,  while  discussing  the  details  with  the  engine-builders,  to  use  piston- 
valves  for  the  high-pressure  cylinders,  and  slide-valves  for  the  low-pressure 
cylinders.  The  available  boiler  pressure  is  150  lbs.  per  square  inch.  The 
object  aimed  at  in  designing  this  winding-engine  was  to  raise  a  useful 
load  of  4  tons  from  a  depth  of  1,500  feet  in  30  seconds  with  the  aid  of 
a  balance-rope  under  the  cages. 

The  drawings  attached  to  this  paper  (Plate  XIV.)  are  sufficiently 
explicit  not  to  require  any  special  explanation.  The  following  are  the 
leading  dimensions,  weights,  and  so  on  : — 

Cylindrical  drum,  17  feet  in  diameter  and  8  feet  wide ;  stroke  of 
piston,  54  inches  ;  cylinders,  high-pressure,  24  inches  in  diameter,  low- 
pressure,  44  inches  in  diameter ;  weight  of  cages,  3  tons  1  cwt.  each.  Two 
tubs  in  each  cage,  weight  of  each  tub  12^  cwts.,  capacity  of  each 
tub,  2  tons  of  coal ;  weight  of  safety-hooks,  adjusting-screws,  and 
chains,  about  7  cwts.  for  each  cage.  Winding  rope  (locked-coil)  l£ 
inches  in  diameter,  breaking  strain  97  tons,  weight  12^  lbs.  per  yard. 

The  speed  of  winding  is  controlled  by  an  automatic  expansion- 
valve  working  inside  each  piston-valve  of  the  high-pressure  cylinders, 
and  regulated  by  a  ball  governor  designed  by  the  engine-builders. 

Owing  to  the  peculiar  position  of  the  colliery  on  the  steep  slope  of  a 
hillside,  the  winding-engine  stands  at  a  height  of  about  45  feet  above 
the  mouth  of  the  shaft. 

The  engineman  stands  on  a  platform  directly  behind  and  above  the 
level  of  the  drum,  and  looks  down  upon  the  top  of  the  pit.  On  this 
platform,  the  reversing-engine,  the  levers  of  the  steam  stop-valve,  the 
blow-off  cocks,  and  the  steam-brake,  and  the  treadle  of  the  foot-brake  are 
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grouped  together  in  convenient  positions.  The  winding-indicator  is 
directly  opposite  to,  about  15  feet  distant  from,  and  on  the  same  level  as 
the  engineman. 

In  considering  the  question  of  starting  and  stopping  a  compound 
engine,  it  had  occurred  to  the  writer,  as  long  ago  as  the  year  1886,  that 
the  simplest  method  of  accomplishing  this  object  was  to  convey  steam 
through  a  small  special  pipe  extending  from  the  engine-side  of  the 
steam  stop-valve  to  the  intermediate  pipe  between  the  high  and  low- 
pressure  cylinders,  and  to  interrupt  the  free  passage  of  steam  through 
this  special  pipe  by  means  of  a  reducing-valve  adjusted  to  a  rather 
lower  pressure  than  that  obtaining  in  the  valve- chest  of  the  low-pressure 
cylinders.  In  1887,  the  writer  erected  a  small  compound  winding- 
engine,  fitted  with  this  arrangement,  which  worked  with  perfect  success 
for  over  two  years.*  The  same  arrangement  has  been  adopted  in  the 
large  compound  winding-engine.  E  is  the  steam  stop- valve,  F  the  high- 
pressure  steam-pipe,  G  G  are  the  special  pipes,  H  H  the  reducing-valves, 
and  K  K  the  intermediate  pipes  (Figs.  1  and  2,  Plate  XIY.). 

In  the  absence  of  the  balance-rope,  it  is  found  that  the  winding- 
engine  does  not  start  with  sufficient  rapidity  unless  the  reducing-valves 
are  set  so  as  to  give  a  pressure  of  50  or  60  lbs.  in  the  intermediate  pipes, 
when  the  steam  stop-valve  is  wide  open.  But  this  pressure  is  considerably 
greater  than  the  mean  working-pressure  in  the  low-pressure  cylinders  ;  as  a 
consequence,  there  is  a  continuous  flow  of  steam  through  the  reducing- 
valves,  and,  so  far  as  that  steam  is  concerned,  the  benefits  derivable 
from  expansion  are  lost.  On  the  other  hand,  the  automatic 
expansion-valves  come  into  action  at  the  fifth  or  sixth  stroke  of  the 
winding-engine,  thus  reducing  the  amount  of  work  done  in  the  high- 
pressure  cylinders,  while  maintaining  a  difference  of  pressure  between 
the  steam  in  the  high-pressure  pipe  and  the  intermediate  pipes  of  70  or 
80  lbs.,  and  the  flow  of  steam  through  the  reducing-valves  continues 
during  the  whole  operation  of  a  winding. 

In  order  to  obtain  the  full  benefits  of  expansion  by  causing  the  whole 
of  the  steam  to  pass  through  the  high-pressure  cylinders,  either  the  work 
to  be  done  by  the  winding-engine  must  be  decreased  by  adding  the 
balance-rope  as  at  first  intended  ;  or  by  reducing  the  useful  load  ;  or,  by 
removing  the  automatic  expansion-valves  while  retaining  the  maximum 
useful  load,  and  giving  the  engineman  the  means  of  closing  the  special 
pipes  as  soon  as  the  engine  has  arrived  at  its  maximum  speed.  Of  the 
three  proposals  the  first  is  undoubtedly  the  best. 

*  Proceedings  of  the  South  Wales  Institute  of  Engineers,  vol.  xvi.,  page  111. 
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Continuous  indicator-diagrams  were  taken  at  a  time  when  the 
engine  was  working  without  the  balance-rope,  and  with  the  expansion- 
valves.  The  writer  has  not  since  then  had  an  opportunity  of  altering 
the  engine  in  one  or  other  of  the  directions  suggested  above  ;  but  he 
ventures  to  submit  the  results  in  their  present  form,  in  the  hope  that 
other  members  may  be  induced  to  contribute  similar  information  in 
connexion  with  winding-engines,  so  that  a  comparison  of  results  may 
be  possible. 

The  indicator-diagrams  were  necessarily  taken  one  after  the  other,  as 
only  one  continuous  indicator  was  available,  and  the  conditions  were  made 
as  much  alike  as  possible.  It  was  not  practicable,  however,  to  keep  the 
boiler-pressure  quite  uniform,  on  account  of  the  many  other  demands  for 
steam,  and  as  a  matter  of  fact  the  pressure  varied  from  110  lbs.  to  145 
lbs.  per  square  inch  during  the  trials. 

The  same  useful  load  of  3  tons  3^  cwts.  was  kept  in  one  of  the  cages, 
which  was  raised  to  the  surface  while  each  indicator-diagram  was  being 
taken  and  then  lowered  back  to  the  starting-point  at  a  depth  of  1,506 
feet.  When  the  boiler-pressure  was  130  lbs.  per  square  inch  and  upwards, 
the  time  occupied  in  a  winding  was  45  seconds,  and  when  it  fell  to  110 
lbs.,  the  time  occupied  was  64  seconds. 

The  unbalanced  weight  of  rope  hanging  in  the  shaft  when  the  cage 
was  at  the  bottom  was  6,275  lbs.,  and  the  work  done  in  raising  it  to  the 
point  where  the  cages  met  was  consequently  equal  to  one-half  of  that 
weight  raised  one-half  of  the  depth  of  the  shaft. 

The  results  deducible  from  the  indicator-diagrams  are  unfavourable  to 
the  engine.  For  instance,  two  of  the  indicator-diagrams  of  the  low- 
pressure  cylinders  show  that  the  boiler-pressure  was  not  high 
enough  to  enable  the  high-pressure  cylinders  to  do  their  part  of 
the  work,  and,  as  a  consequence,  a  large  amount  of  steam  passed  through 
the  reducing-valves  to  assist  the  low-pressure  cylinders. 

The  calculated  number  of  strokes  of  the  engine  is  28  for  each  winding. 
It  will  be  seen  that  the  normal  number  of  strokes  made  under  steam  was 
15,  and  that  the  momentum  then  acquired  was  sufficient  not  only  to 
complete  the  work,  but  that  in  every  case  air  was  drawn  into  the  low- 
pressure  cylinders  and  compressed,  while  in  two  cases  the  engine  was 
apparently  reversed  to  a  small  extent  and  steam  admitted  to  the  high- 
pressure  cylinders,  so  as  to  bring  the  engine  to  a  standstill  at  the  proper 
point.  The  steam-brake  was  not  used,  and  the  foot-brake  was  only  used 
at  the  last  moment  when  required  to  slightly  retard  the  upward  velocity, 
and  to  modify  the  blow  when  the  cage  settled  on  to  the  keps. 
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In  calculating  the  weights  of  steam,  no  account  has  been  taken  of  the 
diagrams  produced  by  compression,  because  although  a  small  quantity  of 
steam  may  be  wasted  in  this  way,  it  has  nothing  to  do  with  the  effective 
work  of  the  engine,  and  it  could  be  easily  avoided  by  the  use  of  a  balance- 
rope,  which  would  both  accelerate  the  velocity  at  starting  and  retard  it  at 
stopping.  Each  diagram  representing  one  stroke  of  each  piston  was 
measured  separately  by  the  planimeter,  so  as  to  ascertain  the  mean 
pressure,  and  the  corresponding  weight  of  steam  at  absolute  pressure  was 
ascertained  from  one  of  the  tables  constructed  for  the  purpose.  No 
account  was  taken  of  steam  condensed  in  the  cylinders  or  in  the  jackets 
of  the  high-pressure  cylinders,  so  that  the  record  is,  in  this  respect, 
incomplete. 

Taking  the  indicator-diagrams  in  descending  order,  the  calculated 
weights  of  steam  added  together  are  as  follows  : — 


No.  of 
Diagram. 

High-pressure 

Cylinders. 

Lbs. 

No.  of 
Diagram. 

Low-pressure 

Cylinders. 

Lbs. 

lA 

50-832 

IB 

81-867 

2a 

44-788 

2b 

66  977 

3a 

52-638 

3b 

..       132-638 

4a 

49-119 

4b 

74-808 

Totals...       197-377        ...       356-290 

All  the  steam,  except  what  is  lost  by  condensation  in  the  high- 
pressure  cylinders,  ought  to  reappear  in  the  low-pressure  cylinders. 
But  on  deducting  the  weight  found  in  the  former  from  that  found  in 
the  latter,  we  find  an  increase  of  158 '8 13  lbs.,  which  can  only  be  accounted 
for  on  the  supposition  that  it  passed  through  the  reducing-valves.  If, 
however,  we  eliminate  indicator-diagram  3B,  which  is  abnormally  high, 
probably  in  consequence  of  the  low  steam-pressure  in  the   boiler  (110 

4 
lbs.)  at  the  time  it  was  taken,  and  compare  -  (IB  +  2B  +  3B)  with 

the  sum  of  (1A  +  2A  +  3A  -f  4A)  the  following  results  are  obtained: — 

Steam  Used. 
Lbs. 

High-pressure  cylinders  ...         ...         ...         ...         197 "377 

Low-pressure        ,,  ...         298-204 


Difference  100-827 

Even  in  this  case,  however,  over  one-third  of  the  advantage  is  lost 
that  would  be  obtainable  from  expansion  if  the  load  were  reduced  by  a 
balance-rope  or  otherwise,  and  the  reducing-valves  were  set  to  allow 
steam  to  pass  only  up  to  a  pressure  of  25  or  30  lbs.  per  square  inch. 
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The  actual  work  done  by  the  engine  in  45  seconds  was  thus  : — 
4     7,112  x  1,506  +  3,095  x   753        _ft_  . 
8  '  —  33,000  "  =  °26  horee-P°wer- 

Taking  the  consumption  of  steam  as  shown  by  the  indicator-diagrams 
of  the  low-pressure  cylinders  (with  the  correction  already  mentioned)  to 
have  been  in  round  numbers  300  lbs.  for  each  wind,  we  get  17*07  lbs.  of 
steam  per  ton  of  useful  load  raised  300  feet,  and  51'9  lbs.  per  actual  horse- 
power-hour. 

Another  winding-engine  at  the  same  colliery  (with  cylinders  each 
24  inches  in  diameter  by  4  feet  stroke,  drum  14  feet  in  diameter, 
winding  from  a  depth  of  792  feet,  useful  load  5,180  lbs.,  unbalanced  rope 
2,114  lbs.,  time  of  a  winding  25  seconds,  weight  of  steam  used  per 
winding  108*225  lbs.)  consumed  17*7  lbs.  of  steam  per  ton  of  useful  load 
raised  300  feet,  or  52*2  lbs.  per  actual  horse-power-hour. 

Consequently  there  has  been  no  particular  advantage  gained  so  far  by 
the  adoption  of  the  compound  winding-engine,  but  on  the  other  hand 
there  has  been  no  loss,  notwithstanding  the  unfavourable  conditions 
under  which  the  engine  is  working,  and  the  writer  is  satisfied  that  when 
it  is  completed  as  designed  at  the  first,  and  provided  with  a  balance-rope 
below  the  cages,  it  will  give  results,  as  regards  economy  in  the  consump- 
tion of  steam,  which  will  considerably  surpass  those  obtainable  from  any 
simple  winding-engine. 

The  drum  of  this  engine  was  made  as  light  as  was  thought  consistent 
with  its  necessary  rigidity.  The  bosses  are  of  cast-iron,  the  spokes  of 
channel-steel ;  the  H -girders  which  support  the  cleading  are  of  steel ; 
the  cleading,  the  flanges,  and  the  brake-paths  are  of  steel  plates.  The 
spare  part  of  each  winding-rope,  150  feet  long,  is  coiled  on  a  cast- 
steel  reel  inside  the  drum  and  concentric  with  it.  The  reels  are  fixed 
to  the  drum  by  means  of  bolts,  but  can  be  quickly  unfixed  and  turned 
by  hand.  The  ropes  pass  through  two  cast-steel  pipes  with  easy  bends,  one 
close  to  each  flange,  and  each  rope  is  held  fast  by  means  of  a  strong  gland, 
bolted  to  one  of  the  spokes.  This  arrangement  facilitates  lengthening 
the  ropes  when  they  are  recapped,  and  saves  time  in  the  operation. 

Reversing  is  effected  by  means  of  a  Melling  reversing-engine,  by 
means  of  which  the  motions  of  the  winding-engine  can  be  regulated  with 
the  greatest  imaginable  ease  and  precision.* 

The  steam  stop-valve  consists  of  two  equilibrium-valves,  a  smaller  one 
resting  on  a  larger  one.     The  smaller  valve  is  opened  first  by  the  action 
of  the  stop-valve  lever,  and  the  larger  one  afterwards  when  the  pressure 
upon  it  has  been  relieved  to  some  extent. 
*  Trans.  Fed.  Inst.,  vol.  vii.,  page  370. 
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Iu  conclusion,  the  writer  should  add  that  the  work  of  measuring  the 

indicator-diagrams  and  making-  the  calculations  were  carried  out  by  his 

3S  -   int,  Mr.  Percy  Lenderyou,  and  his  pupil,  Mr.  Harold  Clayton,  and 

that  both  gentlemen,  as  well  as  Mr.  J.  R.  Glass,  the  mechanical  engineer 

of  the  colliery,  rendered  him  every  assistance  in  taking  the  diagrams. 


Mr.  J.  A.  G.  Ross  said  that,  as  might  have  been  expected,  Mr.  Galloway 
seemed  to  have  found  great  difficulty  in  starting  the  compound  winding- 
engine,  and  to  overcome  that  difficulty  he  passed  live  steam  into  the 
low-pressure  cylinder,  which  seemed  a  lame  way  of  effecting  economy, 
and  to  such  an  extent  that  he  used  158  lbs.  of  live  steam  which  escaped 
from  the  reducing-valve  into  the  low-pressure  cylinder.  This  seemed  to 
be  a  defective  method,  and  could  not  result  in  anything  else  but  loss. 
With  regard  to  Mr.  Galloway's  comparison  of  this  engine  with  others, 
there  was  no  basis  of  comparison,  because  they  did  not  know  precisely 
what  it  was  doing,  but  it  would  seem  on  the  whole  that  the  system  of 
compounding  as  applied  to  winding  purposes  was  a  failure.  The  quantity 
of  steam  employed  seemed  to  be  excessive — 51  lbs.  per  horse-power. 

Mr.  A.  L.  Steavenson  said  that  speaking  from  the  point  of  view  of 
one  who  used  the  machines,  the  first  thing  to  be  aimed  at  was  simplicity ; 
they  wanted  something  that  would  not  go  wrong,  that  was  readily 
handled,  and  could  be  worked  to  ^  inch  at  any  point  in  the  shaft.  If 
the  engine  was  not  thoroughly  under  control,  no  economy  would  warrant 
the  expenditure  on  a  compound-engine.  How  many  of  them  still  had 
old-fashioned  boilers,  without  covering,  and  steam-pipes,  also  without 
covering  ?  They  were  losing  more  heat  than  could  be  gained  by  any 
compound-engine,  and  he  thought  that  this  was  one  of  the  first  things 
to  which  they  should  attend.  The  utilization  of  52  lbs.  of  steam 
per  horse-power  per  hour  was  referred  to  in  the  paper,  but  the  last 
statement  he  had  seen  applied  to  a  Corliss  engine,  and  that  was  12^  lbs.  of 
steam  per  horse-power  per  hour.  He  was  not  aware  that  there  was 
another  winding-engine  in  the  country  using  52  lbs.  of  steam  per  horse- 
power. Mr.  Galloway  had  introduced  a  cylindrical  drum  with  counter- 
balance-rope, but  he  (Mr.  Steavenson)  would  prefer  the  scroll-drum. 
Do  not  let  them  discourage  the  introduction  of  better  engines,  if  possible, 
but  let  them  keep  other  things  right  as  well. 
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Mr.  TV.  Galloway  (Cardiff),  in  reply  to  the  discussion,  wrote  that  he 
had  anticipated  the  difficulty  of  starting  the  compound  winding-engine 
by  providing  it  with  reducing-valves  from  the  outset.  The  reducing- 
valves  act  with  perfect  precision  and  with  satisfactory  results.  The 
engine  is,  however,  too  small  for  its  work,  and  will  remain  so  until  the 
balance-rope  is  added.  When  that  is  done,  the  writer  had  no  doubt  that 
the  expected  economy  of  steam  will  be  attained  altogether  apart  from, 
and  in  addition  to,  the  economy  due  to  the  use  of  the  balance-rope.  The 
engine  is  under  perfect  control. 

In  his  Lectures  on  Mining,  Prof.  Callon  makes  the  following  state- 
ment : — 

We  may  suppose  that  even  with  the  employment  of  expansion  and  condensation 
the  consumption  of  coal  will  amount  to  11  lbs.  (5  kilogrammes)  per  horse-power 
per  hour  (much  more  than  this  is  consumed  by  most  winding-engines),  in  con- 
sequence of  the  intermittent  nature  of  the  work,  the  irregularity  of  the  resistance, 
and  the  frequently  inferior  quality  of  the  coal  supplied,  at  collieries  at  any  rate.* 

Eleven  lbs.  of  coal  evaporating  only  6  lbs.  of  water  per  lb.  of  coal 
amounts  to  66  lbs.  of  steam  per  indicated  horse-power  per  hour. 

Since   writing    the   paper,   the   writer    has   received    the   following 

communication  from  Mr.  TVaymel,  one  of  the  engineers  who  lately  carried 

out  the  sinking  of  the  Vicq  pits  of  the  Anzin  collieries  by  the  Poetsch 

method  : — 

Le  diagramme  continu  donne  par  l'un  des  cylindres  de  la  machine  d'extraction 
de  la  fosse  La  Grange,  le  poids  de  vapeur  par  tonne  eleve  a  100  metres  est  en 
moyenne,  en  tenant  compte  des  pertes  de  toute  nature,  de  15  kilogrammes  (per 
tonne  utile).  + 

TVe  have  therefore  740, 398*4:  foot-pounds  for  33*069  lbs.  of  steam,  and 
746,398-4  foot-pounds  :  1,980,000  =  33-069  lbs.  of  steam  :  87'7  lbs.  of 
steam  per  horse-power  per  hour. 

The  winding-engine  at  the  La  Grange  pit  is  of  the  most  modern 
type,  the  ropes  are  balanced,  being  flat,  of  hemp,  and  working  on  reels. 

The  use  of  compound  winding-engines  appears  to  be  receiving  atten- 
tion on  the  Continent.  Mr.  Berne,  in  a  recent  paperf  on  the  employment 
of  cut-off  gear  on  the  winding-engine  of  No.  2  pit  of  the  Treuil  collieries, 
belonging  to  the  Societe  anonyme  des  Houilleres  de  Saint-Etienne,  gives 
the  following  data: — Diameter  of  cylinders,  39*37  inches;  stroke  of 
piston,  62*99  inches ;  area  of  piston,  back  end,  8'455  square  feet ;  front 
end,  8*264  square  feet ;  number  of  strokes,  42  per  winding.  There  are 
three  decks  in  each  cage  and  two  tubs  on  each  deck.     The  useful  load  is 

*  Vol.  ii.,  page  231.        +  A  tonne  =  2,27595  lbs.;  a  metre  =  3-2808  feet. 
X  Bulletin  de  la  Societe  de  I'Industrie  Minerale,  1896,  vol.  x.,  page  61. 


212  DISCUSSION— A  COMPOUND  WINDING-ENGINE. 

7.120  lbs. j  the  weight  of  empty  tubs  2,976  lbs. ;  and  the  weight  of  the 
7,275  ]  bs.  The  weight  of  the  rope  is  2  G  •  52 1  lbs.  per  yard.  There  are 
two  hanging-on  places  for  coal,  one  at  1,027  feet,  the  other  at  2,034  feet. 
In  winding  coal,  four  tubs  are  usually  put  into  the  cage  at  the  bottom  ; 
the  cage  is  then  wound  up  to  the  intermediate  landing,  where  two  tubs 
are  added,  and  it  is  then  raised  to  the  surface.  The  water  is  all  raised 
from  the  bottom  in  water-tanks,  containing  836 "34  gallons  each.  The 
initial  diameter  of  the  drum  is  9*64  feet,  and  its  final  diameter  is  21*2  feet. 
The  weights  are  sensibly  balanced,  but  the  effort  required  at  the  end  of 
a  winding  is  rather  greater  than  at  the  beginning.  The  water  evaporated 
and  the  coal  consumed  during  a  certain  period  of  time  were  both  carefully 
noted,  but  he  (Mr.  Galloway)  must  refer  the  reader  to  the  original  paper 
for  an  account  of  the  results.  On  the  other  hand,  special  trials  were  made 
with  the  engine  while  continuous  indicator-diagrams  were  being  taken, 
and  he  (Mr.  Galloway)  proposed  to  compare  the  results  obtained  with 
those  given  in  his  paper.  Some  of  these  diagrams  were  taken  with  the 
cut-off  gear  in  operation,  and  others  without  it ;  some  while  coal  was 
being  raised,  and  others  while  water  was  being  drawn. 

It  would  lengthen  these  notes  unnecessarily  to  give  the  whole  of  the 
figures  in  the  original  paper,  so  that  he  would  confine  himself  to  those 
that  are  essential : — 

Xo.  1  diagram  was  taken  with  the  cut-off  gear  in  use,  two  full  tubs 
being  drawn  from  the  bottom  and  four  from  the  intermediate  hanging-on 
place.  The  average  pressure  of  steam  was  19*31  lbs.  In  this  and  in  the 
following  calculations  he  took  14-7  lbs.  per  square  inch  as  the  pressure  of 
one  atmosphere.  The  weight  of  steam  was  0"08358  lb.  per  cubic  foot, 
7,308'65  cubic  feet  was  swept  through  by  the  piston,  and  the  total  weight  of 
steam  consumed  was  615'87  lbs.  The  useful  work  done  was : — 12,592,363 
foot-pounds,  or  20,446  foot-pounds  per  lb.  of  steam,  or  96*8  lbs.  of  steam 
per  horse-power  per  hour. 

No.  3  diagram  was  taken  with  the  cut-off  gear  in  use  while  winding- 
water  from  the  bottom.  The  average  pressure  of  steam,  was  24-415  lbs., 
the  weight  of  steam  being  0"0951  lb.  per  cubic  foot;  the  total  weight  of 
swam  consumed  was  700-74  lbs.  The  useful  work  done  was  : — 17,040,948 
foot-pounds,  or  24,319  foot-pounds  per  lb.  of  steam,  or  81*4  lbs.  of  steam 
per  horse-power  per  hour. 


The  meeting  then  terminated. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

June  13th,  1896. 


Mr.  T.  W.  BENSON,  Vice-President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  May  ?>0th, 
and  that  day. 

The  proceedings  of  the  Council  of  The  Federated  Institution  of 
Mining  Engineers  were  reported. 


The  Secretary  read  the  Balloting  List,  as  prepared  by  the  Council, 
for  the  election  of  Officers  for  the  year  1896-97. 


The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Members  — 
Mr.  Oakeley  Archer,  Civil  and  Consulting  Engineer,  etc.,  156,  Hereford 

Street,  Christchureh,  New  Zealand. 
Mr.  Frank  Herbert  Backhouse,  Manager  and  Mining  Engineer,  Coolgardie, 

Western  Australia. 
Mr.  Brandon  Talfourd  Brierley,   Civil  Engineer,   10,   Marsden  Street, 

Manchester. 
Mr.  Thomas  Robert  Dodd,  Mining  Engineer,  P.O.  Box  818,  Johannesburg, 

Transvaal. 
Mr.  Alfred  Fellows,  General  Manager,  The  Bede  Metal  and  Chemical 

Company,  Limited,  Hebburn,  Newcastle-upon-Tyne. 
Mr.    William   Gill,    Manager,    Orconera    Iron    Ore    Company,    Limited, 

Apartado  42,  Bilbao,  Spain. 
Mr.  James  Grundy,  Inspector  of  Mines  in  India,  27,  Chowringhee  Road, 

Calcutta,  India. 
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Mr.  Charles  Hoffmann,  General  Manager,  Geldenhuis  Estate  and  Gold 
Mining  Company,  Limited,  per  Private  Bag,  P.O.  Box  1022,  Johannes- 
burg, Transvaal. 

Air.  John  House,  Colliery  Manager,  Rose  Bridge  and  Douglas  Bank  Collieries 
Company,  Limited,  Wigan. 

Mr.  R.  L.  Hutchinson,  Mining  Engineer,  S3,  Howard  Street,  North  Shields. 

Mr.  John  William  Jobling,  Colliery  Manager,  Clifton  Cottage,  Burnley, 
Lancashire. 

Mr.  Julian  A.  Kebler,  Second  Vice-President  and  General  Manager,  The 
Colorado  Fuel  and  Iron  Company,  Boston  Building,  Denver,  Colorado, 
U.S.A. 

Mr.  George  Appleby  Bartram  Miller,  Colliery  Manager,  Bewley  Road, 
Bedminster,  Bristol. 

Mr.  Willard  S.  Morse,  Mining  Engineer  and  Metallurgist,  Hacienda  de 
Guadalupe,  Huantla,  Estado  de  Morelos,  Republica  Mexicana. 

Mr.  Arthur  Richards,  Consulting  Mining  Engineer,  65,  New  Broad  Street, 
London. 

Mr.  Anthony  Maurice  Robeson,  Mechanical  Engineer,  De  Beers  Consoli- 
dated Mines,  Limited,  Kimberley,  South  Africa. 

Mr.  John  M.  Rogers,  Mining  and  Mechanical  Engineer,  Mount  Hawke,  St. 
Agnes,  Cornwall. 

Mr.  William  Henry  Rowe,  Mine  Manager,  9,  Earl  Terrace,  Douglas,  Isle 
of  Man. 

Mr.  Archibald  Balfour  Scandrett,  Licensed  Surveyor,  Civil  and  Mining 
Engineer,  Coolgardie,  Western  Australia. 

Mr.  Arthur  Stone,  Mining  Engineer,  Heath  Villas,  Hiudley,  Wigan. 

Mr.  William  Watts,  Waterworks  Engineer,  Oldham  Corporation,  Piethorn, 
near  Rochdale. 

Mr.  Robert  Williams,  Mining  Engineer,  30,  Clement's  Lane,  Lombard 
Street,  London,  E.C. 

Associate  Members— 

Mr.  Edward  Trenholm  Bailey,  Mining  Engineer,  c/o  Messrs.  Henderson 
and  Macgeorge,  Coolgardie,  Western  Australia. 

Mr.  John  Bree,  Estate  Agent,  The  Homestall,  Barley,  Royston,  Cambridge- 
shire. 

Mr.  E.  Davenport  Cleland,  Bayley  Street,  Coolgardie,  Western  Australia. 

Mr.  J.  W.  Harrison,  P.O.  Box  21  IS,  Johannesburg,  Transvaal. 

Dr.  J.  Loevy,  Analytical  and  Metallurgical  Chemist,  P.O.  Box  77S,  Johan- 
nesburg, Transvaal. 

Mr.  Cecil  E.  Northcott,  Assayer,  57,  Chancery  Lane,  London,  W.C. 

Mr.  R.  Henry  Walcott,  Technological  Museum,  Melbourne,  Australia. 

Mr.  Richard  Williams,  The  Johnson's  Reef  Gold  Mines  Company,  California 
Gulley,  Bendigo,  Australia. 

Associate— 
Mr.  Edward  Elves,  Back  Overman,  Middridge  Colliery,  Heighington,  R.S.O. 

Student — 
Mr.  George  Dixon,  Mining  Student,  Trimdon  Grange. 
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PRESENTATION   TO   MR.  A.  C.  KAYLL. 

Mr.  A.  L.  Steavenson  (Durham)  said  that  Mr.  Kayll,  for  over  five 
years,  had  given  his  time  to  the  work  of  the  Explosives  Committee,  and, 
in  addition,  had  drafted  and  prepared  a  Report*  the  value  of  which  would 
be  acknowledged  by  mining  engineers  in  all  parts  of  the  world ;  and  one 
feature  of  its  value  would  be  that  it  would  remain  with  Mr.  Kayll  as  a 
useful  memorial  of  his  life.  As  a  token  of  their  appreciation  of  Mr. 
Kayll's  services,  the  Institute  had  arranged  to  make  him  a  presentation 
of  a  gold  watch  and  chain,  and  a  valuable  cheque.  He  had  much 
pleasure  on  behalf  of  the  Institute  in  asking  Mr.  Kayll  to  accept  them, 
and  trusted  that  they  would  remain  with  him  all  his  life,  and  be  a 
memorial  that  the  members  had  not  overlooked  his  most  valuable  services. 

Mr.  J.  L.  Hedley  (H.M.  Inspector  of  Mines,  Newcastle-upon-Tyne) 
remarked  that  this  presentation  was  in  no  way  commensurate  with  the 
amount  of  time  and  labour  which  had  been  given  by  Mr.  Kayll  to  the 
Report.  The  members  of  the  Committee  had  met  at  Hebburn 
perhaps  one  day  a  week ;  Mr.  Kayll  had  not  only  done  this,  but  had  gone 
down  on  various  other  occasions,  and  had  also  devoted  a  considerable 
amount  of  thought  and  time  in  furtherance  of  the  experiments  that  had 
been  made  at  Hebburn.  The  members  of  the  Committee  fully  appre- 
ciated the  work  that  Mr.  Kayll  had  accomplished,  and  he  was  very 
pleased  indeed  to  see  that  the  work  had  also  been  approved  by  the  mem- 
bers of  the  Institute. 

Mr.  A.  C.  Kayll,  in  accepting  the  presentation,  said  he  need  scarcely 
remark  that  he  was  very  much  obliged  to  Mr.  Steavenson  and  Mr. 
Hedley  for  their  complimentary  remarks.  He  had  been  assured  by  the 
Secretary  (Mr.  M.  Walton  Brown)  at  the  commencement  of  the  experi- 
ments that  all  services  rendered  were  entirely  gratuitous,  and  that  the 
proceedings  would  only  extend  from  three  to  six  months,  instead  of 
which  they  had  lasted  about  five  years,  so  that  the  members  would 
recognize  that  the  experiments  of  the  Explosives  Committee  had  occupied 
a  large  amount  of  his  time,  and,  in  addition,  he  had  also  devoted 
much  time  to  the  study  of  the  subject.  He  would  take  this  opportunity 
of  thanking  every  individual  member  of  the  Explosives  Committee  for 
their  assistance  during  the  course  of  the  experiments.  The  thanks  of 
the  members  were  due  to  Mr.  F.  S.  Panton,  who  drafted  the  specification 
of  the  apparatus,  and  superintended  its  erection.     Mr.  R.  T.  Swallow  and 

*  Report  of  the  Proceedings  of  the  Flameless  Explosives  Committee. 
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Mr.  Henry  Avton,  on  behalf  of  the  Hebburn  Coal  Company,  had  afforded 
the  Committee  every  assistance.  He  should  also  like  to  thank  Mr.  M. 
Walton  Brown  for  the  assistance  that  he  had  given  him  in  the  preparation 
and  revision  of  the  Report;  at  first  he  did  not  understand  it  to  be  his 
duty  to  prepare  the  Report,  and  he  was  quite  certain  that  it  would  never 
have  been  written  had  it  not  been  for  Mr.  Walton  Brown's  assistance. 
Finally,  he  wished  to  recognize  the  services  and  assistance  which  he  had 
received  from  his  colleague,  Mr.  J.  L.  Hedley,  during  the  progress  of  the 
experiments.  The  thanks  of  the  members  of  the  Institute  and  of  the 
Coal  Trade  were  especially  due  to  Mr.  Hedley  for  the  diligence  and 
perseverance  with  which  he  had  conducted  the  experiments  to  a  satis- 
factory conclusion. 

He  did  not  assume  for  a  moment  that  the  Explosives  Committee  had 
exhausted  the  subject,  they  had  merely  been  able  to  add  a  little  knowledge 
to  what  was  already  known.  The  existing  safety  mining-explosives, 
although  a  great  improvement  upon  those  employed  in  the  past,  were 
not  perfect,  and  it  was  only  by  further  experiments  that  they  would 
be  improved.  He  hoped  that  the  Institute  with  the  Coal  Trade  would 
be  able  to  make  further  experiments  with  mining  explosives.  In  con- 
clusion, he  could  only  add  that  he  felt  very  much  complimented  by  the 
presentation,  and  was  very  glad  indeed  to  receive  it. 


DISCUSSION  UPON  THE  "REPORT  OF  THE  PROCEEDINGS 
OF  THE  EXPLOSIVES  COMMITTEE."* 

Mr.  W.  N.  Atkinson  (H.M.  Inspector  of  Mines,  Newcastle-under- 
Lyme )  wrote  that  the  thanks  of  all  interested  in  coal-mining  were  due  to 
the  members  of  the  Flameless  Explosives  Committee  for  the  great  amount 
of  trouble  and  time  which  they  had  devoted  to  the  experiments  on  explo- 
sives, and  the  care  with  which  the  results  are  tabulated  in  the  Report.  They 
had  proved  their  own  title  to  be  a  misnomer,  and  that  so  far  there  is  no 
flameless  explosive.  Nevertheless,  the  experiments  demonstrate  that 
there  are  now  several  explosives  very  much  safer  for  use  in  coal-mines 
.than  blasting-powder,  dynamite,  and  other  explosives  which,  until 
recently,  were  alone  available.  It  is  very  properly  insisted  on  in  the 
Report  that  none  of  the  explosives  tested  afford  complete  immunity  from 

*  Trans.  Fed.  Inst.,  vol.  viii.,  pages  227  and  593;  vol.  ix.,  pages  115,  206,  and 
274;  vol.  x.,  pages  38,  197,  492,  and  503  ;  and  vol.  xi.,  page  175. 
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ignition  of  fire-damp  or  coal-dust,  and  that  the  same  precautions  should 
be  taken  in  their  use  as  with  blasting-powder ;  but  the  Report  does  not 
emphasize  to  the  extent  warranted  by  the  experiments  the  greatly 
increased  safety  afforded  by  several  of  the  explosives  tested.  When  it  is 
considered  that  in  the  experiments  with  stemmed  shots  fired  into  various 
explosive  mixtures  of  fire-damp  and  coal-dust  only  2  ignitions  (of  coal- 
dust)  are  recorded  from  324*  shots,  and  that  if  equivalent  charges  of 
blasting-powder  had  been  used  under  the  same  conditions  the  result 
would  doubtless  have  been  an  ignition  in  almost  every  case ;  it  appears 
that  something  more  might  have  been  said  than  that  the  explosives 
tested  were  "less  liable  than  blasting-powder  to  ignite  inflammable 
mixtures  of  air  and  fire-damp — air  and  coal-dust — and  air,  fire-damp, 
and  coal-dust."  f 

No  doubt  if  what  may  be  termed  "  working  "  charges  had  been  used 
in  the  experiments,  the  results  would  not  have  been  so  favourable  to  the 
explosives  tested,  but  the  experiments  of  Mr.  Winkhaus  show  that  even 
when  working  charges  are  fired  unstemmed,  there  are  several  explosives 
so  very  much  safer  than  the  old  explosives,  that,  although  they  have  no 
claim  to  be  called  flameless,  they  are  fairly  entitled  to  be  called  safety- 
explosives.  It  appears  probable  that  the  amount  of  the  charge  is  an 
element  of  great  importance  with  reference  to  the  safety  of  these  explo- 
sives, and  if  more  was  known  on  the  subject  safety  might  be  further 
increased  by  limiting  the  amount  of  an  explosive  allowed  to  be  fired  in 
one  shot-hole. 

It  would  appear  from  discussions  which  have  taken  place  on  the 
Report  that  the  remarks  therein  on  the  influence  of  the  length  of  stemming 
may  give  rise  to  a  wrong  impression.  In  practice,  the  object  of  stemming 
is  so  to  confine  the  explosive  as  to  prevent  blown-out  shots,  whereas  with 
the  stemming  used  in  the  experiments  this  was  not  the  object,  and  did 
not  prevent  the  shots  being  blown  out.  A  blown-out  shot  is  the  most 
dangerous  result  of  blasting  in  coal-mines,  and,  with  reference  to  the 
prevention  of  the  ignition  of  gas  or  coal-dust,  the  stemming  is  of  vital 
importance.  In  the  regulations  for  the  use  of  explosives  in  fiery  and 
dusty  mines  in  France,  the  minimum  length  of  stemming  for  charges  of 
different  weights  is  prescribed.  The  eighth  conclusion  of  the  Committee^ 
reads  almost  like  a  recommendation  to  use  a  short  length  of  stemming,  in 
order  to  be  able  to  fire  a  missed  shot  by  the  insertion  and  detonation  of 

*  Report,  Table  II.,  page  19;  Table  XIV.,  page  74;  and  Table  XVII.,  pages 
91  and  92.  F  6 

f  Report,  page  110.         %  Ibid.,  page  41. 
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another  cartridge  in  front  of  the  missed  shot.  To  say  nothing  of  the 
risk  that  the  added  cartridge  might  not  fire  the  original  charge,  the 
amount  of  stemming  which  could  be  placed  in  front  of  it  would,  as  a 
rule,  be  small,  and  the  risk  of  its  being  blown  out  would  therefore  be 
considerable.  He  (Mr.  Atkinson)  thought  that  such  a  method  of  dealing 
with  missed  shots  would  be  dangerous  in  fiery  and  dusty  mines. 

The  lengths  of  flame  recorded  as  being  produced  by  the  explosives 
tested  he  regarded  as  extremely  doubtful,  and  it  is  to  be  regretted  that 
some  more  certain  method  of  verifying  them  was  not  adopted. 

In  the  remarks  on  coal-dust  *  it  is  not  quite  accurate  to  say  that  in 
1844  "the  Government  instituted  an  enquiry  into  the  probable  action  of 
coal-dust  in  the  Has  well  colHery  explosion."  The  enquiry  referred  to  is 
doubtless  that  made  by  Messrs.  Lyell  and  Faraday,  and  although  they 
referred  to  coal-dust  as  a  contributory  agent  in  that  explosion,  there  is 
nothing  to  indicate  that  the  enquiry  had  any  special  reference  to  the 
probable  action  of  coal-dust,  nor  were  any  suggestions  or  recommenda- 
tions made  by  Messrs.  Lyell  and  Faraday  on  the  subject  of  coal-dust.  In 
the  following  paragraph  of  the  Committee's  Report  it  is  stated  that  "the 
general  opinion  at  the  present  time  is  that  coal-dust  is  a  real  source  of 
danger  in  coal-mines  where  blasting  is  carried  on,"  from  which  it  might 
be  inferred  that  the  "  general  opinion  "  was  that  coal-dust  could  only  be 
ignited  by  blasting.  Again,  in  the  penultimate  paragraph  of  this  section 
of  the  Report  it  is  not  accurate  to  say  that  it  is  enacted  in  the  Coal 
Mines  Regulation  Act  of  1887  "that  in  a  gaseous  or  dusty  mine  an 
explosive  which  cannot  ignite  gas  or  coal-dust  may  only  be  employed." 


The  meeting  then  terminated. 


Report,  page  84, 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MIXING 
AND  MECHANICAL  ENGINEERS. 


STUDENTS'  MEETING, 
Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne,  June  13th,  1896. 

Mb.  G.  P.  CHAPLIN  in  the  Chair. 

Mr.  E.  McGowax  read  the  following  paper  by  Messrs.  W.  R.  Bell 
and  E.  McGowan  on  "  Haulage  at  "Wearinoutli  Colliery'" : — 

HAULAGE  AT  YfEARMOUTH   COLLIERY. 
By  W.  K,  BELL  and  E.  McGOWAN. 

The  sinking  of  "Wear month  colliery  was  commenced  in  1826,  and 
continued  without  intermission  until  1835,  when  the  maudlin  or  bensharu 
coal-seam  was  reached,  at  a  depth  of  1,596  feet.  The  sinking  was  after- 
wards continued  a  further  distance  of  126  feet  to  the  button  seam.  The 
maudlin  and  button  coal-seams  are  both  worked,  and  the  coals  are  drawn 
to  bank  from  the  button  seam  level. 

The  main  haulage-ways  are  three  in  number,  one  running  north, 
another  east,  and  the  third  south-west.  Roads  branch  to  the  right  and 
left  of  the  main  roads,  so  as  to  cover  the  total  area  of  coal  to  be  worked 
to  the  shafts.  Fig.  1  (Plate  XY.)  shows  the  engine-planes,  landings,  and 
inclines  now  in  use. 

Chair-way  and  cross  sleepers  are  chiefly  used  on  the  engine-planes,  as 
shown  in  Fig.  2  (Plate  XY.),  but  a  heavier,  flat-bottomed  rail  is  now 
being  adopted,  laid  on  longitudinal  battens  and  cross  sleepers,  as  shown 
in  Fig.  3  (Plate  XY.).  The  weight  of  the  chair-way  rail  is  28  lbs.,  and 
of  the  flat-bottomed  rail  40  lbs.  per  yard.  The  chair-way  rail  is  made  in 
lengths  of  12  feet,  and  the  sleepers  are  44  inches  long,  5  inches  wide,  and 
3  inches  thick.  The  flat-bottomed  rail  is  used  in  lengths  of  15  feet,  the 
longitudinal  battens  are  17J  feet  long,  7  inches  wide,  and  2^  inches 
thick,  and  the  cross  sleepers  are  44  inches  long,  5  inches  wide,  and 
3  inches  thick.  The  chair-way  is  laid  similar  to  the  ordinary  surface 
railway,  the  chairs  being  pinned  to  the  sleepers,  which  are  placed  about 
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3  feet  apart,  and  keys  are  driven  in  between  the  chair  and  the  outside  of 
the  rail.  The  flat-bottomed  rail  is  fastened  by  dogs  to  the  longitudinal 
battens  and  cross  sleepers.  The  ends  of  the  rails  in  both  cases  are 
fastened  together  by  fish-plates  and  bolts  (Fig.  3,  Plate  XV.).  The 
gauge  or  space  between  the  rails  is  29  inches. 

The  tubs  used  are  the  same  size  in  both  seams,  viz. : — Height  above 
rail  45  inches  ;  the  inside  measurements  at  the  top  of  the  box  are, 
breadth  32  inches,  and  length  36  inches:  the  ends  taper  slightly  down- 
wards ;  the  sides  are  vertical  for  27  inches,  and  then  taper  down- 
wards, making  the  size  in  the  bottom  33  inches  by  24  inches.  The 
carrying  capacity  is  about  9^  cwts.,  as  filled  in  the  workings.  The 
dimensions  of  the  wheels  are : — Diameter  15  inches,  width  of  flange  f 
inch,  width  of  trod  of  wheel  2\  inches,  distance  between  axles  20  inches, 
and  diameter  of  axles  2  inches.  Length  of  centre-bar  on  bottom  of  tub 
from  centre  to  centre  of  bolt-hole  38  inches.  The  length  of  the 
coupling-chain  is  14  inches. 

The  steel  ropes  in  use  are  of  two  sizes :  the  circumference  of  that 
on  the  north  engine-plane  is  2  J  inches,  and  of  those  on  the  other  two 
planes  2£  inches.  The  ropes  weigh  6£  lbs.  and  54;  lbs.  per  fathom 
respectively,  and  are  bought  in  lengths  of  3,000  and  3,600  feet.  When 
splicing,  the  ends  of  each  rope  are  opened  out  for  a  length  of  15  feet. 
At  each  end  of  the  rope  and  connecting  it  with  the  set  of  tubs  is  a  chain 
90  feet  in  length,  which  serves  the  double  purpose  of  giving  warning 
when  the  set  is  approaching  (by  making  a  noise  on  the  rollers),  and  of 
lengthening  or  shortening  the  ropes  as  the  length  of  the  set  of  tubs 
may  require.  For  this  latter  purpose,  long  links  are  inserted  in  the 
chain  at  distances  of  a  few  feet.  The  links  of  the  chain  have  a  diameter 
on  the  north  engine-plane  of  §  inch,  and  on  the  other  two  planes  of 
T9g-  inch,  weighing  22  lbs.  and  18  lbs.  per  fathom  respectively.  The 
total  length  of  haulage  and  incline-ropes  in  use  at  present  is  about  24 
miles. 

North  Engine-plane. — The  north  engine-plane,  starting  from  the  A  pit 
shaft  (Fig.  1,  Plate  XV.)  immediately  after  leaving  the  landing  enters 
a  stone  drift  1,380  feet  long,  rising  1  in  20  to  the  maudlin  coal-seam. 
A  short  distance  from  the  end  of  the  drift  a  branch-road  runs  to  the 
north-west,  the  mam  road  continuing  north  for  about  3,000  feet ;  where 
there  is  a  branch  road  to  the  north-east. 

The  haulage  is  on  the  tail-rope  and  main-and-tail-rope  systems.  The 
tubs  are  coupled  into  sets  of  65,  which  run  at  an  average  speed  of  10 
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miles  per  hour.  When  the  set  is  going  into  branch  districts,  the  ropes  are 
changed  when  the  empty  set  stops  at  the  offtakes.  The  full  set  of  tubs 
after  coming  out  of  the  landing  is  stopped  just  over  the  offtake-points, 
and  the  ropes  are  then  again  changed.  The  set  is  then  brought  out  to 
the  top  of  the  incline.  Thus  far  the  haulage  has  been  on  the  main-and- 
tail-rope  system,  but  now  it  is  changed.  On  reaching  the  top  of  the 
drift  the  speed  is  reduced,  and  when  sufficient  of  the  set  is  on  the  incline, 
the  main-rope  is  loosed  off  and  the  set  runs  by  its  own  weight,  drawing 
the  tail-rope  with  it,  to  the  shaft,  where  it  is  stopped  by  the  engineman 
putting  the  brake  on  the  tail-rope  drum.  The  rope  is  then  fastened  on 
to  the  end  of  the  empty  set  and  drawn  up  the  incline,  at  the  top  of  which 
the  main  rope  is  coupled. 

The  hauling-engine  is  situated  at  the  shaft-bottom.  It  has  two 
cylinders,  each  22  inches  in  diameter,  with  a  stroke  of  48  inches  ;  the 
steam  pressure  is  about  50  lbs.  per  square  inch,  and  the  indicated  horse- 
power about  200.  The  drums  have  a  diameter  of  6  feet  and  a  breadth 
of  2  feet.  The  shaft  is  9|  inches  in  diameter  where  the  drums  are 
placed  and  10|  inches  where  the  clutch  is  attached.  About  1,300  tons 
of  coal  have  been  brought  out  to  the  shaft  in  a  day  by  this  engine. 

East  Engine-plane — To  the  east  of  the  shafts  the  maudlin  coal-seam 
is  worked,  approached  by  a  level  stone-drift,  the  natural  conditions  being- 
such  that  at  some  distance  from  the  shaft  the  maudlin  seam  is  found  at 
the  same  level  as  the  button  seam  is  at  the  shaft  (Fig.  4,  Plate  XV.). 
Some  distance  further  to  the  south  east  (at  the  point  E)  the  coal-seam 
begins  to  dip  heavily  inbye  from  the  shaft.  The  coals  in  this  case  have 
to  be  brought  up  an  incline,  necessitating  a  contrary  arrangement  to 
that  of  the  rise  stone-drift  in  the  A  pit,  north  engine-plane.  The  haulage 
from  the  shaft  to  the  top  of  this  dip  drift  (the  return  wheel  is  fixed 
at  R)  is  by  the  main-and-tail-rope  system,  but  afterwards  down  the  dip 
drift  to  the  working-face  it  is  by  the  single  or  main-rope  system. 
When  the  empty  set  of  tubs  reaches  the  top  of  the  incline  the  tail-rope  is 
loosed  off  and  the  tubs  gravitate  down  to  the  bottom  of  the  incline,  drawing 
the  main-rope  with  them.  The  distance  from  the  top  of  the  incline  to  the 
far  landing  is  3,420  feet,  and  the  difference  of  level  is  167  feet,  or  a  dip 
of  1  in  20"5.  The  heavy  gradient  allows  only  short  sets  of  37  tubs  to  be 
run. 

The  hauling-engine,  which  is  geared,  has  two  cylinders  each  of  14 
inches  diameter  with  a  stroke  of  24  inches,  a  steam-pressure  of  70  lbs.  per 
square  inch,  and  the  indicated  horse-power  is  07.     The  drums  are  6  feet 
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in  diameter,  and  have  a  width  of  18  inches.  The  spur-wheels  are  6  feet 
5  inches,  and  the  pinion  wheel  is  2  feet  llf  inches  in  diameter,  with  a 
pitch  of  2^  inches  and  breadth  of  face  of  8|  inches.  The  shaft  is  6|  inches 
in  diameter  and  the  journals  5  inches  long.  The  average  speed  from  the 
far-off  landing  to  the  shaft  (which  includes  the  slower  speed  in  coming 
up  the  heavy  hank)  is  about  9|  miles  per  hour.  About  700  tons  per 
day  have  been  brought  to  the  shaft  from  the  present  landings. 

South-west  Engine-plane.—  The  south-west  engine-plane  passes  for 
some  distance  through  a  stone-drift  which  cuts  the  button  coal-seam  at 
a  rise  fault  of  36  feet.  The  engine-plane  continues  in  the  button  seam 
to  a  dip  fault  of  126  feet,  which,  curiously  enough,  is  the  exact  difference 
of  level  between  the  two  coal-seams,  so  that  on  the  dip  side  the  maudlin" 
seam  is  on  the  same  level  as  the  button  seam  is  at  the  rise  side  (Fig.  4, 
Plate  XV.).  The  maudlin  coal-seam  alone  is  worked  beyond  this  fault, 
and  as  it  rises  heavily  to  the  west,  a  self-acting  incline  is  worked. 

The  haulage  is  effected  by  an  altogether  different  arrangement  from  that 
adopted  in  the  other  two  main  districts.  The  main  road  runs  to  the  maudlin 
seam  and  a  double  line  of  rails  is  laid  the  whole  length,  so  that  as  the 
empty  set  runs  in  the  full  one  runs  out.  The  branch  roads  to  the  button 
seam  are  both  situated  on  the  right-hand  side  of  the  maudlin  engine- 
plane  (Fig.  5,  Plate  XV.),  and  the  haulage  is  on  the  main-and-tail  rope 
system.  It  is  necessary,  in  order  to  change  the  ropes,  that  the  sockets  S 
(Fig.  5)  should  always  be  placed  opposite  the  offtakes  :  this  can  only  be 
managed  by  running  two  consecutive  sets  into  the  maudlin  coal-seam. 
For  instance,  suppose  that  one  set  is  run  into  the  maudlin  seam,  it  is  clear 
that  the  sockets  will  not  be  in  the  required  position  ;  but  if  a  second  set 
be  run  to  the  maudlin  seam,  the  ropes  will  be  brought  back  to  their 
original  position,  and  rope- couplings  can  now  be  made  for  the  set  to  go 
into  either  of  the  button  seam  districts. 

This  changing  of  the  ropes  is  necessarily  done  whilst  the  sets  are  in 
the  landings.  The  empty  set  goes  into  the  hutton  seam,  the  full  set  is 
brought  out,  and  when  it  reaches  the  shaft  the  sockets  are  in  the  same 
position  as  before,  and  the  ropes  can  be  changed  for  the  other  districts. 

The  hauling-engine  is  of  the  same  dimensions,  and  works  with  the  same 
steam-pressure  as  that  on  the  A  pit  or  north  engine-plane.  About 
1,000  tons  of  coal  are  being  brought  to  the  shaft  in  a  day  by  this  engine 
from  the  present  landings. 

Genera?  Remarks. — A  full  coal-tub  is  placed  at  the  fore  end  of  each 
empty  set,  and  on  the  south-east  engine  plane  two  full  tubs  are  placed  at 
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the  front  of  the  set  when  going  into  the  dip  landings.  The  full  tubs 
tend  to  steady  the  set  of  empty  tubs  and  prevent  them  from  jumping  the 
rails. 

Electric  bell-signals  are  used  on  all  the  engine-planes,  and  each  land- 
ing, in  addition,  is  connected  by  telephonic  communication  with  the  shaft. 

The  return  rope-wheels  have  an  extreme  diameter  of  7  feet,  with  a 
flange  of  5  inches,  the  diameter  of  the  rope-trod  being  6  feet  2  inches. 
The  diameter  of  the  axle  is  3f  inches. 

Two  sizes  of  rope-rollers  are  in  use,  of  the  lengths  of  1 5  inches  and 
9  inches  respectively,  the  longer  being  placed  near  curves.  The  diameter 
of  the  rollers  is  5^  inches,  with  a  flange  of  1  inch,  and  the  diameter 
of  the  axle  is  f  inch.  The  bearings  are  fastened  to  wooden  briars 
of  such  a  length  that  each  end  is  fastened  on  to  a  sleeper.  The 
weight  of  the  rollers  is  1 1  lbs.  and  9^  lbs.  for  the  long  and  short  ones 
respectively. 

Curve-wheels  are  39  inches  in  diameter  and  6|  inches  deep,  and  the 
diameter  of  the  axle  is  1  inch.  Drum-sheaves  are  18  inches  in  diameter, 
with  a  depth  of  9|  inches. 

The  points  are  very  similar  to  ordinary  railway  points.  Those  at  the 
landings  are  self-acting,  so  that  the  empty  set  coming  in  must  take  its 
proper  side,  and  when  the  full  set  is  coming  out,  the  points  being  loose 
are  pushed  over.  The  lever  is  balanced,  and  bent  so  that  it  will  only 
hang  in  one  position.  At  offtake-points,  which  have  to  be  changed 
according  to  the  direction  in  which  the  set  is  going,  the  lever  is  straight 
and  works  between  two  flat  semi-circular  plates,  in  which  holes  are  bored, 
so  that  a  pin  can  be  inserted  to  keep  the  lever  in  a  fixed  position. 

At  the  offtakes,  winches  are  used  to  pull  the  ropes  off  the  drums,  so 
that  they  may  be  conveniently  coupled  together. 

At  the  pit-bottom  there  are  five  multitubular  boilers  fitted  with  copper 
fire-boxes  and  tubes  working  at  a  steam  pressure  varying  from  45  lbs.  to 
75  lbs.  per  square  inch.  The  tubes  are  11^  feet  long,  2\  inches  in 
diameter,  and  there  are  45  of  them  in  each  boiler.  The  length  of  the 
fire-box  is  4  feet,  the  total  length  I84  feet,  and  the  diameter  3£  feet. 
Only  three  boilers  are  used  at  one  time,  the  other  two  being  held  in 
reserve. 

In  the  maudlin  coal-seam  there  are  four  egg-ended  boilers,  each 
45  feet  long  and  5  feet  in  diameter.  They  are  fired  with  Jukes  furnaces, 
driven  by  a  small  engine,  with  a  cylinder  6  inches  in  diameter  and  12 
inches  stroke.  The  steam  for  this  engine  is  taken  direct  from  the  boiler, 
and  the  pressure  can  be  altered  so  as  to  drive  the  engine  at  any  speed. 
Of  these  four  boilers  only  three  are  in  use  at  any  one  time. 
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The  steam  from  the  maudlin  boilers  and  from  the  pit-bottom  boilers 
is  taken  by  pipes  into  a  receiver,  and  by  an  arrangement  of  valves  the 
hauling-engines  can  be  driven  by  the  steam  from  either  set  of  boilers 
separately  or  from  both. 

The  boiler-fires  are  fed  with  return  air  (the  entire  ventilation  of  the 
colliery  is  effected  by  means  of  a  furnace),  which  afterwards  passes  into 
the  upcast  shaft,  and  thus  assists  the  ventilation. 


Mr.  R.  R.  Simpson  moved,  and  Mr.  T.  Simpson  seconded,  a  vote  of 
thanks  to  the  writers  of  the  paper. 


The  meeting  then  terminated. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 

( i  ENKRAL  MEETING  OF  THE  WESTERN  AUSTRALIAN  BRANCH, 
Held  at  the  Victoria  Hotel,  Coolgabdie,  July  6th,  1896. 


Mb.  G.  GRAVES  GIFFORD  in  the  Chaik. 


Mr.  Edwakd  Halse  was  asked  to  act  as   Honorary  Secretary  for 
the  present,  and  expressed  his  willingness  to  do  so. 

The  following  resolutions  were  carried  unanimously : — 

(1)  That  the  correspondence  from  the  Secretary  (Mr.  M.  Walton 

Brown)  be  acknowledged,  and  that  the  members  present  at 
the  meeting,  as  well  as  some  of  those  absent  (their  letters 
having  been  read),  consider  it  advisable  to  adopt  the  views 
of  the  Council  of  the  Institute,  as  expressed  in  the  circular 
letter  dated  March  2nd,  1896. 

(2)  That    a    General   Meeting  be   called  at  an  early  date  for  the 

purpose  of  appointing  officers  and  transacting  other  business, 
the  date  of  such  meeting  to  be  left  in  the  hands  of  the  Chair- 
man and  the  Honorary  Secretary. 

(3)  That  the  members  present  constitute  a  committee  to  assist  the 

Honorary  Secretary. 

(4)  That  the  members  resident  in  "Western  Australia  be  asked  to 

contribute  £1  Is.  each  towards  the  current  expenses  in  con- 
nexion with  the  formation  of  the  proposed  Branch. 

(5)  That  the  Chairman  and  Honorary  Secretary  draw  up  a  list  of 

subjects  for  discussion,  to  be  presented  at  the  next  meeting 
for  the  consideration  of  the  members. 

(6)  That   the    Honorary   Secretary   be   authorised   to  write  to   the 

Secretary  (Mr.  M.  Walton  Brown),  asking  the  Council  to 
furnish  the  members  in  "Western  Australia  with  rules  for 
their  guidance  in  forming  a  Branch  or  other  body  of  the 
Institute. 


The  meeting  then  terminated. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING  OF  THE  WESTERN  AUSTRALIAN  BRANCH, 
Held  at  398,  Shaw  Street,  Coolgardie,  July  13th,  1896. 

Mr.  H.  P.  WOODWARD,  F.G.S.,  ix  the  Chair. 


The  minutes  of  the  last  meeting  were  read  and  confirmed. 
The  following  resolutions  were  passed  unanimously  : — 

(1)  That  a  Branch  of  The  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers  be  inaugurated  in  Western  Australia, 
and  be  called  the  "Western  Australian  Branch." 

(2)  That  the  following  officers  constitute  the  governing  body  of  this 

Branch  of  the  Institute,  namely,  Chairman,  three  Vice- 
Chairmen,  Honorary  Secretary  and  Treasurer,  together  with 
a  Committee  of  seven  in  addition  to  the  above,  who  are 
ex-officio  members  thereof. 

(3)  That  Mr.  H.  P.  Woodward  be  appointed  the  Chairman  of  the 

Western  Australian  Branch. 

(4)  That  Messrs.  F.  H.  Backhouse,  Uriah  Dudley,  and  G.  Graves 

Gifford  be  appointed  Vice-Chairmen  of  the  Branch. 

(5)  That  Mr.  Edward  Halse  be  appointed  Honorary  Secretary  and 

Treasurer. 

(G)  That  the  following  Members  and  Associate  Members  constitute 
the  Committee: — Messrs.  J.  W.  Archibald,  E.  T.  Bailey, 
C.  Chewings,  E.  D.  Cleland,  F.  G.  de  V.  Gipps,  G.  Graves 
Gifford,  and  F.  Bowes-Scott. 

(7)  That  at  an  early  date  a  Committee  meeting  be  held  to  recommend 
candidates  for  election  by  the  Institute,  and  that  the  members 
of  the  Committee  be  requested,  if  unable  to  attend  the  meeting 
personally,  to  send  in  lists  of  names  of  persons  they  would 
propose,  together  with  their  qualifications. 


The  meeting  then  closed. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL    ENGINEERS. 


GENERAL  MEETING, 
Held  in  the  Mining  School,  Wigan,  July  14th.  1896. 


Mr.  THOMAS  DOUGLAS,  President,  in  the  Chair. 


The  Mayor  of  Wigan  (Alderman  Layland)  said  that  the  inhabitants 
of  the  borough,  as  well  as  those  who  were  engaged  in  mining  and  mechan- 
ical operations  in  the  important  surrounding  districts,  were  pleased  that 
the  Institute  had  fixed  upon  Wigan  as  the  place  for  their  excursion 
meeting  this  year.  The  industries  of  the  district  were  largely  dependent 
on  coal,  cotton,  and  iron,  and  these  in  turn  were  dependent  for  their 
success  on  the  knowledge  by  which  they  were  produced,  stored,  and 
turned  to  good  account  by  means  of  institutions  like  The  North  of  Eng- 
land Institute  of  Mining  and  Mechanical  Engineers.  He  found  from  the 
list  of  members  for  election  that  they  were  drawn  from  Western  Australia, 
British  Columbia,  Colorado,  Transvaal,  Newfoundland,  etc.,  and  it  was 
very  evident  that  the  benefits  of  The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  were  worldwide,  and  the  success  and 
usefulness  of  its  operations  were  universally  felt.  He  had  great  pleasure 
in  giving  the  members  a  hearty  welcome. 

The  President  thanked  the  Mayor  of  Wigan  for  interesting  himself 
in  their  meeting.  He  knew  that  the  people  of  the  Wigan  district  took 
very  great  interest  in  mining  and  scientific  subjects.  That  to  him  was  an 
extremely  gratifying  matter,  and  he  had  no  doubt — gathered  together,  as 
they  were  to  assist  one  another  so  far  as  they  could  with  information 
and  knowledge — that  their  visit  to  Wigan  would  be  very  pleasant  and 
profitable  to  each  of  them.  The  President  then  proposed  a  vote  of  thanks 
to  the  Mayor  of  Wigan  for  being  present  and  giving  them  his  address  of 
welcome  that  day. 

The  vote  of  thanks  having  been  cordially  adopted,  the  Mayor  briefly 
acknowledged  the  compliment. 
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The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meeting  that  day. 


The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Members — 

Mr.  Edmond  C.  VAN  Diest,  Manager,  The  United  States  Freehold  Land 
and  Emigration  Company,  San  Luis,  Colorado,  U.S.A. 

Mr.  Henry  Edward  Ede,  Mining  Engineer,  The  Rectory,  Gateshead-upon- 
Tyne. 

Mr.  Frederick  William  Grey,  Mining  Engineer,  Dashwood  House,  9,  New- 
Broad  Street,  London,  E.C. 

Mr.  James  Gunson  Lawn,  Professor  of  Mining,  Royal  College  of  Science, 
South  Kensington. 

Mr.  John  Liddell,  Assistant  Engineer,  De  Beers  Consolidated  Mines, 
Limited,  Kimberley,  South  Africa. 

Mr.  Claude  Vautin,  Metallurgical  Chemist,  Bevois  House,  28,  Basinghall 
Street,  London,  E.C. 

Mr.  John  Watson,  Analytical  and  Metallurgical  Chemist,  28,  Lovaine 
Place,  Newcastle-iipon-Tyne. 

Mr.  Samuel  Herbert  Williams,  Mining  Engineer,  c/o  Anglo-American 
Exploration  Company  of  Western  Australia,  Limited,  Coolgardie, 
Western  Australia. 

Associate  Members— 

Mr.  A.  J.  Colquhoun,  School  of  Mines,  Vancouver,  British  Columbia. 

Mr.  John  Macintosh  Donald,  The  Bantjes  Consolidated  Mines  Limited, 
P.O.,  Florida,  Transvaal. 

Mr.  C.  A.  Ferguson,  Mining  Student,  36,  Eldon  Street,  Newcastle-upon- 
Tyne. 

Mr.  Gillmore  Goodland,  Ravenswood,  Queensland,  Australia. 

Mr.  Francis  G.  Harvey,  Plus  Le  D^sir,  Canal  No.  1,  Demerara,  British 
Guiana. 

Mr.  G.  H.  Martin,  189,  Ashmore  Road,  Paddington,  London,  W. 

Mr.  G.  F.  Monckton,  School  of  Mines,  Vancouver,  British  Columbia. 

Mr.  John  Webster,  83,  Lombard  Street,  London,  E.C, 

Mr.  Arthur  Nicholas  Lindsay  Wood,  Engineer,  The  Hermitage,  Chester  - 
le- Street. 

Associates— 
Mr.  George  Daykin,  Deputy  Overman,  24,  Black  Boy,  v<a  Bishop  Auckland. 
Mr.  Miles  Pratt,  Overman,  33,  Black  Boy,  via  Bishop  Auckland. 


The  Secretary  read  the  following  paper  by  Dr.  Haldane  on  "  The 
Causes  of  Death  in  Colliery  Explosions  "  : — 
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By  JOHN  S.  HALDANE,  M.A.,  M.D.,  Lecturer  in  Physiology,  University 
of  Oxford,  and  Grocers'  Company  Research  Scholar. 


On  the  occurrence  of  the  explosion  at  Tylorstown  colliery,  in  January 
of  the  present  year,  the  writer  was  asked  to  investigate  the  actual  causes 
of  the  deaths  of  those  who  had  been  killed  in  the  explosion,  and  to  draw 
up  a  report  on  the  subject  for  the  Home  Office.  While  this  report*  was 
passing  through  the  press,  two  other  serious  explosions  occurred — at 
Brancepeth  and  Micklefield— and  the  writer  went  to  both  places  in  order 
to  collect  further  information,  and  to  give  any  possible  assistance. 

The  report  is  now  published,  but  a  short  additional  paper  on  the 
subject,  with  some  demonstrations,  will,  perhaps,  be  of  interest  to 
members,  and  serve  as  a  starting-point  for  discussion  as  to  whether  the 
facts  collected  show  that  any  further  practical  steps  can  be  taken  with 
a  view  to  diminishing  the  loss  of  life  in  explosions. 

The  first  and  most  salient  point  which  came  out  in  the  investigation 
was  that  the  actual  cause  of  death  was,  in  almost  every  case,  poisoning 
by  carbon  monoxide.  Facts  pointing  to  the  presence  of  carbon  monoxide 
in  after-damp  have  already  been  brought  forward  by  several  observers — 
particularly  by  Messrs.  W.  N.  and  J.  B.  Atkinson,  in  their  book  on  Explo- 
sions in  Coal-mines ;  but  it  came  to  the  writer  as  an  entire  surprise  that 
the  presence  of  this  gas  after  an  explosion  was  nearly  always  the  actual 
cause  of  death.  It  seemed  probable  that  many  men  must  be  killed  by 
absence  of  oxygen  in  the  after-damp,  and  many  others  by  burns  or 
violence.  Analyses  of  the  blood  showed  that  this  was  not  the  case.  It 
would  seem  that  the  after-damp  left  along  the  track  of  an  explosion  is  so 
largely  diluted  with  fresh  air  that  more  than  enough  of  oxygen  is  left  to 
support  life.  Probably  this  is  owing  to  so  great  an  excess  of  dust  being 
present  during  the  explosion  that  in  many  parts  of  the  mixture  the 
temperature  of  ignition  cannot  be  reached,  or  the  flame  is  drowned  out. 

As  regards  tbe  violence  and  the  severity  of  the  burns,  the  writer 
thinks  that  these  are  apt  to  be  exaggerated.  In  every  great  explosion 
several  of  the  bodies  are  much  mutilated  when  discovered.     The  head  or 
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limbs  may  be  smashed  or  torn  off,  or  there  may  be  fractures,  dislocations, 
or  severe  bruises.  Sometimes,  however,  these  injuries  have  undoubtedly 
been  inflicted  after  death  by  the  falls  of  stone  which  continue  for  many 
hours  after  an  explosion,  in  consequence  of  the  displacement  of  timbering-. 
The  burns  are,  as  a  rule,  quite  superficial.  The  bodies  which  have  been 
burned  are  nearly  always  thickly  encrusted  with  fine  coal-dust,  which  has 
adhered  to  the  skin,  and  the  blackening  thus  produced  is  sometimes 
mistaken  for  charring.  On  rubbing  off  the  coal-dust,  however,  it  will  be 
found  that  the  deep  skin  is  nearly  always  intact,  although  the  epidermis 
is  completely  loosened  over  the  backs  of  the  hands.  This  is  not  due  to 
blistering,  but  seems  to  occur  almost  instantaneously,  and  to  be  caused  by 
the  momentary  application  of  intense  heat,  which  gives  rise  to  a  sudden 
development  of  gas  and  aqueous  vapour  under  the  epidermis.  Beneath 
the  loosened  epidermis  of  the  backs  of  the  hands  the  deep  skin  is 
normally  quite  white,  moist,  and  intact.  Men  who  have  been  got  out 
suffering  from  these  superficial  burns  of  the  face  and  hands  constantly 
recover,  if  they  do  not  die  of  the  after-effects  of  carbon  monoxide  poison- 
ing. Where,  however,  the  body  has  not  been  protected  by  clothing,  the 
chances  of  recovery  must  be  slight. 

The  practical  point  to  ascertain,  however,  is  not  so  much  the  actual 
cause  of  death  as  the  proportion  that  might  conceivably  be  saved,  if 
suitable  means  of  rescue  could  only  be  devised  to  save  them  from  the 
after-damp.  A  rough  estimate  on  this  point  will,  the  writer  thinks,  be 
of  service,  although  there  must  of  course  be  a  good  deal  of  uncertainty 
in  judging  of  the  danger  to  life  from  the  burns. 

Of  the  bodies  examined  at  Tylorstown,  only  31"6  per  cent,  were  not 
burnt.  Of  those  burnt  or  injured  nearly  half  would,  the  writer  believes, 
have  ultimately  died  apart  from  the  effects  of  after-damp.  Hence  about 
6G  per  cent,  might  have  been  saved,  but  for  the  after-damp. 

At  Micklefield  07  per  cent.,  and  at  Braneepeth  60  per  cent,  were 
neither  burnt  nor  injured.  At  Micklefield  7G  per  cent.,  and  at  Branee- 
peth 90  per  cent,  would  probably  have  escaped  with  their  lives,  but  for 
the  after-damp.  Thus,  taking  the  average  of  these  three  explosions,  we 
may  say  that  about  77  per  cent,  might  have  escaped,  but  for  the  after- 
damp. 

This  is  hardly  the  place  for  entering  minutely  into  medical  details, 
but  a  short  account  and  demonstration  of  the  means  of  chemically 
recognizing  carbon  monoxide  both  in  the  air  and  in  the  bodies  of  those 
killed  may  interest  members  of  the  Institution. 
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Carbon  monoxide  (CO),  or  carbonic  oxide,  is  a  compound  of  one 
atom  of  carbon  with  one  atom  of  oxygen.  It  is  found,  along  with  carbon 
dioxide  (C02),  or  carbonic  acid  gas,  wherever  combustion  occurs  in  the 
presence  of  an  amount  of  oxygen  insufficient  to  consume  the  whole  of  the 
carbon  and  hydrogen  which  are  actually  undergoing  combustion.  "Where 
sufficient  oxygen  is  present  only  carbon  dioxide  is  formed.  Now,  carbon 
monoxide  possesses  one  property  (discovered  by  Prof. Claude  Bernard)  which 
fenders  it  a  deadly  poison  to  all  warm-blooded  animals.  It  enters  into 
a  very  linn  combination  with  the  haemoglobin,  or  colouring-matter,  of 
the  red  blood-corpuscles.  Under  normal  circumstances  the  haemoglobin 
combines  loosely  with  oxygen  in  the  lungs,  and  carries  this  oxygen  to  the 
tissues.  The  compound  of  carbon  monoxide  and  haemoglobin  is,  how- 
ever, incapable  of  combining  with  oxygen.  Hence,  after  the  blood  has 
absorbed  a  sufficiency  of  carbon  monoxide,  it  becomes  incapable  of  carry- 
ing enough  oxygen  to  the  tissues  to  support  life,  aud  death  from  want  of 
oxygen  ensues.  The  symptoms  of  carbon  monoxide-poisoning  are,  as 
the  author  has  recently  shown,*  absolutely  the  same  as  those  produced  in 
other  ways  by  deficiency  of  oxygen  ;  and  if  one  can  by  indirect  means 
supply  the  tissues  with  a  sufficiency  of  oxygen,  carbon  monoxide  loses 
its  poisonous  properties. 

The  writer  showed  a  jar  containing  about  80  per  cent,  of  carbon  mon- 
oxide and  20  per  cent,  of  oxygen.  The  members  saw  that  the  cock- 
roaches placed  in  this  jar  continued  to  live  quite  comfortably.  They  have 
no  haemoglobin  in  their  blood,  and  consequently  they  are  indifferent  to 
this  mixture,  which  would  at  once  kill  a  higher  animal.  The  other  jar 
contained  about  80  per  cent,  of  carbonic  acid,  and  20  per  cent,  of  oxygen, 
and  rendered  a  cockroach  motionless  within  a  few  seconds,  so  that  these 
animals  are  in  realilty  exceedingly  sensitive  to  the  action  of  poisonous 
gases. 

The  compound  of  carbon  monoxide  with  haemoglobin  possesses  a  bright 
red  colour,  exactly  like  that  of  arterial  blood  saturated  with  oxygen  or  air. 
Three  vessels  were  shown  to  the  members  containing  respectively  blood 
saturated  with  oxygen  (bright  scarlet),  blood  deprived  of  oxygen  (dark 
purplish  blue),  and  blood  saturated  with  carbon  monoxide  (bright  scarlet). 
Death  from  carbon  monoxide  poisoning  may  be  recognized  from  the  fact 
that  the  colour  of  the  blood  after  death  is  more  or  less  red  instead  of  blue. 
The  bodies  thus  often  present  an  extraordinarily  lifelike  appearance.  The 
lips  and  tongue  are  pink,  and  the  skin  has  a  lifelike  reddish  colour. 
Sometimes,  however,  the  lips  and  skin  are  so  pale  that  it  is  difficult  to 

*  Journal  of  Physiology,  1895,  vol.  xviii.,  pages  200  and  430. 
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recognize  the  pink  colour.  When  the  blood  is  largely  diluted  with  water 
the  presence  of  carbon  monoxide  can  be  recognized  with  the  greatest  ease 
from  the  colour  of  the  solution.  When  sufficiently  diluted,  blood  contain- 
ing carbon  monoxide  has  a  pink  colour,  while  normal  blood  is  yellow. 
This  simple  colour  test  is  by  far  the  most  delicate  one. 

Three  narrow  test  tubes  were  shown  containing  blood  diluted  to 
O'Ol  with  water.  One  contained  normal  blood,  the  next  contained  blood 
fully  saturated  with  coal-gas  (which  contains  carbon  monoxide),  and  the 
third  contained  blood  from  the  body  of  a  miner  who  was  killed  by  carbon 
monoxide  poisoning.  The  members  could  see  at  a  glance  that  the  miner's 
blood  is  about  80  per  cent,  saturated  with  carbon  monoxide  ;  and  this 
latter  saturation  is  the  maximum  consistent  with  life. 

For  the  chemical  recognition  of  carbon  monoxide  in  air  blood-solution 
is  by  far  the  most  convenient  reagent.  All  that  is  necessary  is  to  shake 
up  a  sample  of  the  suspected  air  for  a  few  minutes  with  about  0*05  of  its 
volume  of  dilute  blood-solution,  and  then  to  compare  the  tint  with  that 
of  part  of  the  same  solution  which  has  not  been  so  shaken  up.  For 
details  as  to  the  quantitative  application  of  this  test,  the  writer  must 
refer  to  a  paper  which  he  recently  published.*  A  bottle  and  tubes  were 
shown  fitted  up  for  conveniently  carrying  out  the  test.  Bright  daylight 
affects  the  reaction,  so  that  the  shaking  should  be  carried  out  in  the  dark, 
or  the  bottle  covered  with  a  cloth.  Unfortunately  this  test  would  not  be 
satisfactory  in  a  mine,  as  one  cannot  see  the  tints  distinctly  by  artificial 
light,  and  it  would  therefore  be  necessary  to  bring  the  bottle  to  the  surface. 

For  rapidly  detecting  poisonous  proportions  of  carbon  monoxide  the 
best  indicator  is  a  small  warm-blooded  animal,  such  as  a  mouse.  The 
mouse  is  not  more  sensitive  to  carbon  monoxide  than  a  man,  but  it 
shows  the  symptoms  of  poisoning  in  about  the  twentieth  of  the  time. 
Hence  a  rescuer  carrying  a  mouse  with  him  will  receive  ample  warning 
of  the  presence  of  after-damp  or  of  carbon  monoxide  in  dangerous  pro- 
portions. It  should  be  understood  that  this  test  cannot  be  relied  on 
to  do  more  than  indicate  the  presence  of  actually  dangerous  proportions 
of  carbon  monoxide,  for  only  a  practised  observer  could  detect  the  out- 
ward signs  of  slight  symptoms  in  a  mouse,  whereas  correspondingly 
slight  symptoms  in  a  man  might  be  very  distinctly  felt  by  the  subject 
of  them.  If  the  mouse  merely  shows  signs  of  weakness  of  the  legs 
there  will  be  danger  to  a  man,  though  probably  not  for  twenty  minutes 
or  half-an-hour.  If  the  mouse  becomes  quite  helpless  and  unable  to 
stand  there  is  danger  within  a  few  minutes  to  a  man.  If  the  mouse 
*  Ibid.,  page  463. 
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becomes  unconscious  and  goes  into  convulsions  there  is  urgent  danger, 
and  not  a  moment  should  be  lost  before  retreating. 

An  apparatus  was  shown  for  demonstrating  on  man,  and  on  a  mouse 
the  facts  just  referred  to. 

The  first  symptom  of  carbon  monoxide  poisoning  is  an  unusual  ten- 
dency to  dizziness,  palpitation,  and  shortness  of  breath  on  exertion  ;  along 
with  this  there  may  be  drowsiness.  As  more  and  more  of  the  poison 
is  absorbed  the  power  over  the  limbs  becomes  less  and  less,  so  that 
finally  any  exertion  causes  the  legs  to  give  way,  and  it  is  hardly  possible 
for  a  man  to  make  his  escape.  Finally,  consciousness  is  gradually  lost. 
There  is  no  pain,  and  little  or  no  mental  distress,  the  action  being  almost 
like  that  of  a  gentle  anaesthetic.  The  first  distinct  symptoms  occur 
wheu  the  blood  is  about  30  per  cent,  saturated.  At  about  50  per  cent, 
saturation  the  power  of  walking  is  lost ;  and  death  occurs  at  about  80 
per  cent,  saturation.  With  about  0*06  per  cent,  of  carbon  monoxide  in 
the  air  the  blood  of  a  man  becomes  about  30  per  cent,  saturated  after 
1|  hours,  so  that  the  symptoms  become  appreciable  when  any  exertion 
is  made ;  0*10  per  cent,  would  cause  helplessness  after  about  an  hour ; 
with  more  than  0-20  per  cent,  life  would  be  endangered. 

When  a  man  who  has  absorbed  much  carbon  monoxide  reaches  cooler 
and  fresher  air  again  he  very  often  gets  much  worse,  and  may  lose  con- 
sciousness. What  the  explanation  of  this  is  the  writer  does  not  know, 
but  there  is  no  doubt  about  the  fact.  Men  who  are  brought  out,  or 
who  are  just  able  to  walk  out,  of  air  containing  after-damp  should  be 
carefully  covered  up,  and  not  allowed  for  some  time  to  make  any  exertion. 
The  writer  is  inclined  to  think  that  neglect  of  this  precaution  may 
even  lead  to  loss  of  life. 

A  man  who  has  been  rendered  unconscious  from  carbon  monoxide 
poisoning  suffers  severely  from  the  after-effects.  If  the  exposure  has  been 
long  he  may  die  a  considerable  time  after  the  blood  has  quite  freed  itself 
from  the  poison.  With  a  shorter  exposure  he  may  remain  unconscious  for 
many  hours,  and  only  very  gradually  recover.  Slighter  poisoning  without 
loss  of  consciousness  is  followed  by  very  severe  headache,  and  nausea 
during  recovery. 

The  best  remedy  in  carbon  monoxide  poisoning  is  the  administration 
of  pure  oxygen.  This  rapidly  drives  out  the  carbon  monoxide  from  the 
blood,  although  it  is  of  no  avail  against  the  after-symptoms.  Artificial 
respiration  should  be  at  once  applied  if  the  breathing  ceases,  or  is  very 
shallow.     If  the  pulse  be  weak,  stimulants  should  be  given. 
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A  bottle  was  shown  filled  with  a  mixture  of  pure  oxygen  with  U"50 
per  cent,  of  carbon  monoxide.  This  proportion  in  air  is  rapidly  poisonous 
to  a  mouse,  but  in  presence  of  the  oxygen  the  animal  placed  in  the  bottle 
remained  unaffected. 

It  seems  now  to  be  thoroughly  well  established,  thanks  to  the  work  of 
Mr.  H.  Hall,  Air.  W.  Galloway,  Messrs.  W.  X.  and  J.  B.  Atkinson,  and 
many  others,  that  in  all  great  colliery  explosions  the  flame  is  propagated 
through  the  workings  by  dust,  and  practically  speaking  by  dust  alone. 
The  flame  extends  from  the  point  of  origin — a  shot  or  a  small  gas 
explosion — along  the  dusty  (intake)  haulage-roads  in  every  direction, 
and  usually  passes  up  the  downcast  shaft.  The  return-airways  (unless 
they  are  used  for  haulage)  are  unaffected.  Some  of  the  main  intake- 
roads  may  be  spared,  and  the  flame  may  not  reach  the  working-face 
at  any  point,  but  often  it  does  so.  Air- crossings,  timberings,  and 
doors  along  the  haulage-roads  are  blown  out ;  and  in  consequence  of 
this  the  air-current  through  the  mine  is  arrested.  Often,  too,  the 
timbering  connected  with  the  fan-drift  is  blown  out,  and  cannot  be 
repaired  for  an  hour  or  more.  Thus,  roughly  speaking,  the  main 
intake-roads  are  left  charged  with  stagnant  after-damp,  besides  being- 
more  or  less  obstructed  by  falls,  and  dangerous  on  account  of  the 
state  of  the  roof.  The  return-airways,  except  when  they  are  close  to  the 
(intake)  haulage-roads,  or  are  themselves  used  for  haulage,  will  be  at  first 
free  from  after-damp,  besides  being  free  of  falls,  and  for  a  man  who 
knows  the  way  they  will  in  some  cases  present  a  clear  way  of  escape  to 
one  or  both  shafts.  In  many  parts  of  the  mine  the  air  at  the  face,  where 
the  flame  has  not  penetrated,  will  ;dso  be  perfectly  free  of  after-damp, 
and  may  remain  so  for  hours,  or  even  days.  Nevertheless  one  finds  again 
and  again  that  men  who  would  have  been  in  perfect  safety  had  they 
remained  where  they  were,  have  from  want  of  knowledge,  tried  to  force 
their  way  along  the  intake-airways  to  the  shaft,  and  consequently  perished 
in  the  after-damp.  The  bodies  are  generally  found  in  groups  along  the 
intake-airways,  at  points  a  little  beyond  where  the  men  have  met  the 
after-damp.  Horses  and  ponies  which  they  have  left  behind  are  some- 
times found  quite  uninjured. 

What,  now,  is  the  composition  of  the  mixture  of  gases  filling  the 
roads  traversed  by  an  explosion  ?  In  the  first  place,  there  is  plenty  of 
oxygen  left  along  these  roads.  Out  of  about  120  bodies  examined  after 
the  three  explosions  referred  to,  not  one  presented  the  appearances  of 
death  from  want  of  oxygen.      Timbering,  etc.,  which  has  been  on  fire 
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after  the  explosion,  is  also  very  commonly  met  with,  and,  of  course,  this 
burning  could  not  occur  except  in  presence  of  a  very  large  proportion  of 
fresh  air.  At  Micklefield,  a  quantity  of  paraffin  close  to  the  downcast 
shaft  caught  fire,  and,  according  to  the  evidence  of  a  survivor,  was 
burning  fiercely  as  he  made  his  way  out  of  a  room  in  which  he  had  been 
sitting,  as  the  blast  passed  towards  the  shaft,  and  knocked  him  over. 
Now,  a  paraffin  flame  is  ordinarily  extinguished  when  the  oxygen  per- 
centage falls  below  about  17  per  cent.,  though  it  would  probably  burn 
with  a  somewhat  lower  percentage  in  the  heated  air.  It  would  thus 
that  the  after-damp  is  from  the  beginning  very  largely  diluted  with  air. 
At  Micklefield  and  Tylorstown,  none  of  the  explorers  met  with  after-damp 
which  would  extinguish  a  lamp,  and  a  lamp  goes  out  when  the  i 
percentage  falls  from  20'9  to  17'5  per  cent.  The  writer  is  inclined  to 
think  that  perhaps  two-thirds  of  the  mixture  left  along  the  roads  is,  on  an 
average,  pure  air,  the  remainder  being  after-damp. 

About  a  year  ago  the  writer  assisted  at  some  experiments  which  were 
very  kindly  made  for  him,  at  the  suggestion  of  Mr.  Wardell,  H.M. 
Inspector  of  Mines,  by  Mr.  C.  E.  Rhodes,  of  Aldwarke  Main  colliery. 
The  shell  of  a  large  boiler  was  used  as  an  explosion-chamber,  and  dust 
kindly  sent  from  the  Albion  colliery  was  employed  in  the  experiments. 
There  was  no  difficulty  in  producing  violent  explosions  inside  the  boiler, 
but  pure  after-damp  could  not  be  obtaiued  for  analysis,  or  indeed  any  gas 
which  would  extinguish  a  lamp,  or  produce  physiological  symptoms. 
This  failure  caused  some  surprize  at  the  time,  but  the  writer  thinks 
that  the  explanation  was  that,  just  as  was  subsequently  inferred  to  be 
the  case  in  actual  pit  explosions,  only  a  portion  of  the  air  within  the 
boiler  was  actually  consumed,  and  the  aspirating  tubes  never  happened  to 
reach  this  portion. 

Assuming,  then,  that  the  pure  after-damp  along  the  track  of  an  explo- 
sion constitutes  only  about  half  or  a  third  of  the  mixture  of  gases  present, 
ami  that  there  is  plenty  of  oxygen  left  to  support  life,  what  is  the  propor- 
tion of  carbon  monoxide  present  ?  From  the  analyses  of  blood  from  the 
bodies  found  along  the  course  of  the  explosion  at  Tylorstown,  the  writer 
thinks  it  may  be  pretty  safely  concluded  that  there  was  less  than  3  per 
cent.,  and  more  than  0"50  per  cent.  The  reasons  for  this  conclusion  will 
be  found  in  the  writer's  Report.  About  1  or  1^  per  cent,  would  probably 
be  a  fair  estimate.  If  this  were  so,  the  pure  undiluted  after-damp  would 
contain  3  or  4  per  cent,  of  carbon  monoxide. 

Probably  the  actual  percentage  varies  somewhat  with  different  kinds 
of  coal-dust,  and  in  different  parts  of  the  pit.     Thus  it  seemed  to  the 
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writer  that  at  Micklefield,  the  appearances  of  the  bodies  and  the  symptoms 
experienced  by  the  rescuers  pointed  to  a  somewhat  higher  average  per- 
centage of  carbon  monoxide  in  the  air  than  at  Tylorstown.  When  there 
is  more  than  about  2  per  cent,  of  carbon  monoxide,  death  occurs  before 
the  blood  of  the  veins  has  time  to  become  80  per  cent,  saturated  with  the 
gas.  In  such  cases,  the  face  and  neck  have  a  reddish-blue  appearance, 
instead  of  being  pink.  At  Tylorstown,  these  signs  were  only  noticed  in 
two  of  the  bodies  (not  burnt),  which  we  afterwards  found  had  been 
discovered  lying  close  to  one  another  in  a  stable.  At  Micklefield,  on 
the  other  hand,  seven  out  of  forty-six  of  the  bodies  had  this  appearance. 
None  of  these  bodies  were  burnt,  and  it  thus  seemed  as  if  the  higher 
proportions  of  carbon  monoxide  had  been  produced  at  places  where  the 
combustion  was  relatively  gentle,  and  beyond,  or  sheltered  from,  the  main 
rush  of  burning  dust  and  air. 

The  writer  must  now  pass  from  the  more  purely  medical  aspects  of 
the  causes  of  death  in  explosions,  and  make  some  suggestions  as  to  what 
measures  seem  possible  for  avoiding  or  getting  rid  of  afterdamp.  He 
knows  that  in  dealing  with  this  very  difficult  subject  he  is  handicapped 
by  his  want  of  knowledge  of  mining  engineering,  but  he  thinks  that 
those  who  possess  the  requisite  engineering  knowledge  are  often  nearly  as 
much  handicapped  by  want  of  knowledge  of  the  medical  side  of  the 
subject,  and  that  a  fellow-feeling  will  thus  induce  them  to  deal  leniently 
with  any  mistakes  which  he  may  fall  into. 

The  first  remarks  which  he  has  to  make  concern  the  steps  which  should 
be  taken  by  the  men  imprisoned  in  the  mine,  at  the  face  or  beyond  the 
actual  track  of  the  explosion.  Very  often  their  lamps  are  extinguished 
by  the  rush  of  air  and  coal-dust  driven  towards  them  along  the  roads, 
and,  in  any  case,  their  natural  impulse  seems  to  be  to  make  at  once  for 
the  shaft  along  the  ordinary  intake  haulage-roads.  The  plans  contained 
in  the  Reports  of  H.M.  Inspectors  of  Mines  tell  a  terrible  story  of  the 
consequences  of  this.  The  men  soon  meet  the  after-damp  on  the  roads, 
and  drop.  Their  bodies  are  found  scattered  or  in  groups  along  the  roads. 
Where  a  fall  has  already  come  down,  a  number  of  bodies  are  often  found 
just  beyond.  Those  who  know  what  a  haulage-road  traversed  by  an 
explosion  is  like,  will  realize  how  slight  the  chances  are  for  men — either 
with  or  without  lights — of  ever  reaching  the  shaft.  The  best  plan  for 
those  imprisoned  would  seem  to  be  to  remain  in  the  first  place  where 
they  are,  and,  if  possible,  to  erect  curtains  or  stoppings  of  some  kind 
between  themselves  and  the  main  roads,  in  order  to  keep  back  the  after- 


THE  CAUSES  OF  DEATH  IX  COLLIERY  EXPLOSIONS.  237 

damp.  The  curtains  should  be  erected  at  a  point  beyond  a  door  opened 
towards  a  return-airway,  so  that  the  after-damp,  carried  inwards  as  the 
rescuers  restore  the  ventilation,  may  have  a  free  passage  into  the  return-air- 
ways, and  not  be  driven  in  upon  the  men.  Any  attempt  to  get  out  should 
be  made  with  the  utmost  caution,  and  whenever  after-damp  is  encountered 
the  only  safe  plan  is  to  retire.  In  attempts  to  get  out  one  man  only 
should  go  on  slowly  in  front,  two  or  three  men  some  distance  behind, 
being  ready  to  rush  in  and  drag  him  back  should  he  fall.  The  reason 
for  this  precaution  is  tliat  carbon  monoxide  only  accumulates  slowly  in 
the  blood,  and  a  man  who  is  fresh  can  generally  2'o  with  perfect  safety 
for  a  short  time  for  rescue  purposes  into  an  atmosphere  which  would 
after  a  while  produce  deadly  effects.  It  will  often  be  much  easier  to 
reach  the  shaft  by  return-airways  than  by  the  haulage-roads,  and  one 
way  may  be  tried  if  the  other  proves  impracticable  ;  but  whichever  way 
is  taken,  the  utmost  caution  is  necessary,  on  account  of  the  very  insidious 
action  of  the  after-damp.  When  all  ways  of  escape  are  for  the  time 
blocked,  every  effort  should  be  made  to  keep  back  the  after-damp  by 
curtains  or  stoppings  until  the  rescuers  make  their  way  in.  Imprison- 
ment for  several  days  without  food  or  drink  is  not  dangerous,  although 
far  from  pleasant.  In  many  mines  fire-damp  will  accumulate  near  the 
higher  parts,  and  make  a  prolonged  stay  at  the  face  impossible ;  but  the 
fire-damp  will  drive  back  the  after-damp  ;  and  it  must  also  be  remembered 
that  it  requires  about  60  or  70  per  cent,  of  fire-damp  to  endanger  life, 
although  o\  per  cent,  will  put  out  a  lamp. 

In  many  cases  where  the  flame  reaches,  or  nearly  reaches,  the  face, 
the  only  possible  chance  of  escape  would  seem  to  be  by  the  return-airways, 
if  these  can  be  reached  in  time.  It  is  provided  by  law  that  there  shall 
always  be  two  ways  of  escape  from  a  mine.  This  provision  would  seem, 
however,  to  be  in  some  emergencies  useless,  through  the  men  not  knowing 
the  way  by  the  return-airways,  and  having  no  fireman,  or  other  officer 
of  the  pit  to  guide  them  at  the  time.  If  the  author  be  right  as  to  this, 
the  matter  certainly  seems  to  deserve  attention.  In  the  case  particularly 
of  an  underground  fire  in  an  intake-airway  a  man's  only  chance  may 
be  to  hurry  out  along  a  return  airway. 

The  first  thing  which  is  thought  of  by  those  on  the  surface  is,  of 
course,  the  getting  of  air  into  the  pit.  The  writer  believes  that  if  the 
fan  has  been  damaged  or  thrown  out  of  action  by  injuries  at  the  top  of  the 
upcast  shaft,  fresh  air  will  at  first  pass  down  the  upcast  shaft  freely,  in  con- 
sequence of  the  suction  produced  by  the  heating  of  the  sides  and  contained 
air  in  the  downcast  shaft,  up  which  the  flame  has  probably  passed.     This, 
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at  least,  was  the  case  at  Micklefield,  where  the  first  of  the  rescuers  descended 
by  the  upcast  shaft,  brought  out  a  number  of  men  alive,  and  even  penetrated 
a  considerable  distance  inwards,  although  the  fan  could  not  be  got  ready 
for  about  twelve  hours.  The  work  of  temporarily  restoring  the  stoppings, 
doors,  etc.,  and  so  carrying  the  air  inwards,  would  be  much  facilitated  by 
using  mice  as  indicators  of  the  presence  of  after-damp.  Without  some 
such  indicator  not  only  are  the  dangers  to  the  rescuers  very  great,  but 
much  time  must  be  consumed  in  helping  disabled  comrades,  or  from  un- 
certainty as  to  where  the  after-damp  is. 

The  writer  also  feels  confident  that  in  many  explosions  the  provision 
of  some  simple  apparatus  for  penetrating  irrespirable  atmospheres  would 
also  be  of  much  service,  The  apparatus  need  only  be  used  where  it  is 
desirable  for  a  rescuer  to  go  temporarily  into  a  dangerous  atmosphere. 
The  main  thing  would  always  be  to  carry  the  fresh  air  inwards  with  the 
rescuers.  Men  employing  any  apparatus  would  have  to  be  instructed 
beforehand  in  its  use.  An  atmosphere  containing  carbon  monoxide  is  not 
the  place  for  trying  hasty  experiments  For  the  revival  of  disabled  men, 
whether  or  not  they  have  been  burnt  and  injured  as  well  as  poisoned,  the 
writer  thinks  that  oxygen  cylinders  would  be  of  great  service.  Although 
in  severe  cases  it  will  not  restore  consciousness,  the  oxygen  will  in  a  few 
minutes  drive  out  most  of  the  carbon  monoxide  from  the  blood,  and  thus 
give  a  man  the  best  chance  of  coming  round. 

It  seems  to  the  writer  that  considering  the  risks  of  an  explosion  in 
any  fairly  dry  pit,  however  free  from  fire-damp,  arrangements  should  be 
made  beforehand  for  minimizing,  as  far  as  possible,  the  loss  of  life 
should  an  explosion  occur.  In  the  first  place,  he  feels  certain  that 
means  might  be  devised  for  shortening  the  time  which  usually  elapses 
before  fresh  air  is  again  circulating  through,  at  least,  the  main  roads 
after  an  explosion.  From  an  examination  of  the  bodies  found  along 
main  roads  he  feels  confident  that,  although  consciousness  must  very 
soon  be  lost,  an  interval  of  half-an-hour  to  an  hour  or  more  commonly 
elapses  before  death  occurs  from  carbon  monoxide  poisoning,  and  that 
any  plan  for  getting  in  fresh  air  within  this  time  may  be  the  means 
of  saving  many  lives.  As  things  are  at  present,  there  is  nearly  always 
a  fatal  delay.  Very  often  the  timbering  connecting  the  fan  with  the 
fan-drift  is  blown  out,  or  the  covering  of  the  upcast  shaft  is  blown  off, 
and  this  causes  much  delay  and  great  danger  to  rescuers.  This  might, 
perhaps,  be  avoided  by  the  provision  of  light  movable  flaps,  which  by 
opening  outwards  would  relieve  the  pressure  caused  by  the  rush  of  air 
up  the  upcast  shaft. 
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Farther  delay  arises  from  the  blowing  out  of  doors,  stoppings,  and 
air-crossings  connecting  the  main  intake-airways  with  the  main  return- 
airways.  These  main  air-crossings,  etc.,  might  surely  be  so  solidly 
constructed  as  not  to  give  way.  The  pressure  during  an  explosion  is 
probably  not  nearly  so  formidable  as  is  sometimes  assumed.  So  far  as 
the  writer  is  aware  there  is  nothing  in  a  colliery  explosion  remotely 
resembling  the  detonation  of,  say.  a  mixture  of  hydrogen  or  fire-damp 
with  pure  oxygen,  and  the  greater  part  of  the  energy  liberated  by  the 
combustion  must  be  rapidly  taken  up  by  the  large  excess  of  coal-dust 
swept  up  by  the  blast. 

If  the  means  suggested  were  successful,  the  writer  believes  that  men 
lying  along  the  main  roads  would  (with  the  exception  of  the  very  few 
who  are  killed  at  once  by  violence)  have  a  chance  of  recovery,  and  that 
those  further  in  would  have  a  much  better  chance  of  escape.  It  does  not 
seem  desirable,  even  if  it  were  practicable,  that  anything  but  the  doors, 
etc.,  on  the  main  roads  should  be  so  made  as  to  resist  the  pressure  ; 
otherwise,  the  after-damp  would  be  carried  inwards  towards  the  face, 
instead  of  straight  into  the  return-airways  by  the  first  blown-out  door 
or  air-crossing.  A  simple  calculation  will  show  that  the  fan  is  capable 
of  clearing  the  shafts,  and  a  mile  or  more  of  the  main  roads,  within  a  very 
few  minutes.  If  the  fresh  air  be  got  in  at  once  it  will  probably  encounter 
very  little  obstruction  from  falls,  which  seem  mostly  to  come  down 
gradually. 

For  men  far  in,  all  the  means  suggested  would,  the  writer  fears, 
avail  little  in  cases  where  the  flame  reaches  up  to,  or  close  to,  the  face. 
Escape  will  often  be  cut  off  in  every  direction,  and  the  after-damp  will 
very  rapidly  close  in.  This  is  what  happened,  for  instance,  with  the 
great  majority  of  those  who  were  killed  in  the  Llanerch  explosion.  They 
had  only  gone  a  short  way  before  they  were  overcome  ;  and  even  had 
they  stayed  in  their  places  they  would  probably  also  have  perished.  To 
meet  such  cases  it  seems  to  the  writer  that  probably  the  least  ex- 
pensive and  most  practicable  method  would  be  to  provide  within 
reach  some  form  of  oxygen  apparatus  for  enabling  the  men  to  make 
their  way  out  to  the  fresh  air  near  the  shaft,  and  to  have  them  previously 
instructed  in  the  use  of  this  apparatus.  The  writer  does  not  think  that 
there  can  be  any  doubt  as  to  the  practicability  of  this  plan,  but  the 
trouble  and  expense  would  be  considerable,  in  view  of  the  fact  that  in 
most  pits  a  serious  explosion  never  occurs  at  all.  Now  that  we  know  that 
there  is  plenty  of  oxygen  left  along  the  track  of  an  explosion,  the  writer 
believes  that  the  whole  problem  would  be  solved  if  only  a  cheap  and 
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efficient  absorbent  could  be  found  for  carbon  monoxide.  Air  can  be  freed 
by  means  of  respirators  from  almost  any  other  poisonous  gas,  and  it  is 
singularly  unfortunate  that  the  blood  passing  through  the  lungs  should 
be  just  the  one  thing  which  absorbs  carbon  monoxide  rapidly. 

The  prevention  of  colliery  explosions  does  not,  of  course,  come  within 
the  scope  of  this  paper,  but  the  writer  can  hardly  refrain  from  adding  his 
voice  to  that  of  others  who  have  already  urged  the  pressing  need  of 
careful  experiments  with  a  view  to  determining  the  available  means  of 
preventing  the  propagation  of  explosions  by  coal-dust,  Each  new  explo- 
sion is,  of  course,  a  new  experiment ;  but  it  is  a  terribly  costly  one,  and 
often  the  facts  connected  with  it  either  cannot  be  ascertained,  or,  if  ascer- 
tained, afford  no  new  information. 
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DISCUSSION  ON  DR.  J.  S.  HALDANE'S  PAPER  ON 
"THE  CAUSES  OF  DEATH  IN  COLLIERY  EXPLOSIONS." 

Mr.  J.  GrEBRARD  (H.M.  Inspector  of  Mines,  Manchester)  said  that 
the  members  must  be  glad  to  receive  such  very  efficient  assistance  as  was 
given  in  that  able  and  valuable  paper,  following  as  it  did  upon  Dr. 
Haldane's  previous  papers  in  connexion  with  carbonic  acid  gas.  After- 
damp had  been  for  a  long  time  recognized  as  playing  an  important  part 
in  the  loss  of  life  from  explosions.  It  had  been  over  and  over  again  said 
that  three-fourths  of  the  lives  lost  in  explosions  were  due  to  after-damp, 
and  it  was  very  satisfactory  to  have  it  proved  by  Dr.  Haldane. 

Without  going  so  far  as  to  second  Dr.  Haldane's  suggestion  with 
regard  to  mice,  he  thought  they  could  well  adopt  his  suggestion  with 
regard  to  the  first  symptoms,  whether  it  was  in  the  head  or  in  the  legs, 
and  unquestionably  to  adopt  his  suggestions  with  regard  to  a  timely 
retreat.  One  had  seen  men  who  had  succumbed  from  perseveringly 
advancing,  and  forgetting  that  the  atmosphere  which  had  brought  about 
the  symptoms  of  danger  had  to  be  returned  through.  Dr.  Haldane 
strongly  advocated  the  speedy  introduction  of  fresh  air,  but  he  did 
not  think  Professor  Haldane  anywhere  noted  one  point  which  must  be 
taken  into  consideration — namely,  the  danger  of  fire.  Those  who  had 
been  exploring  after  an  explosion  in  a  mine,  and  in  the  innermost 
recesses  of  the  mine  had  discovered  a  fire  in  close  proximity  to  fire- 
damp, knew  the  anxiety  attending  it ;  and  whilst  on  the  one  hand 
every  effort  should  properly  be  made  to  rescue  anyone  who  might 
be  living  by  taking  in  fresh  air,  yet,  on  the  other  hand,  should  a  small 
smouldering  fire  be  fanned  into  active  flame  by  the  too  hasty  introduction 
of  air,  it  would  create  a  danger  greater,  perhaps,  than  that  warranted  by 
the  hope  of  rescuing  a  few  persons  who  might  be  living. 

Mr.  TV.  N.  Atkinson  (H.M.  Inspector  of  Mines,  Newcastle-under- 
Lyme)  wrote  that  Dr.  Haldane's  paper  formed  a  valuable  and  instructive 
addition  to  our  knowledge  of  the  conditions  leading  to  death  in  mines 
after  an  explosion.  It  was,  he  believed,  the  first  time  that  a  thorough  and 
scientific  study  of  the  subject  had  been  made  from  a  medical  point  of 
view.  To  appreciate  properly  the  study  and  labour  which  Dr.  Haldane 
had  devoted  to  the  question  it  was  necessary  to  read,  in  addition  to  this 
paper,  his  official  report  to  the  Secretary  of  State  on  The  Causes  of  Death 
in  Colliery  Explosions  and  Underground  Fires.  There  was  no  doubt 
that  Dr.  Haldane  was  right  in  the  conclusion  that  in  colliery  explosions 
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the  actual  cause  of  death  was  in  most  cases  due  to  the  after-damp,  aud  the 
proof  set  forth  that  the  most  injurious  component  of  after-damp  in  a 
dusty  coal-mine  was  carbonic  oxide  accords  with  the  observations  of 
explorers  in  a  number  of  explosions. 

He  agreed  with  Dr.  Haldane  that  exaggerated  statements  had  been 
made  as  to  the  severity  of  the  burning  effects  in. explosions  ;  one  heard  of 
bodies  being  "  charred  to  a  cinder "  and  "  roasted,"  but  so  far  as  his 
observation  had  gone  he  had  seen  nothing  of  the  kind,  and  he  did  not 
believe  that  it  occurred — except  in  rare  cases  where  a  man's  clothing  might 
be  set  on  fire,  and  continue  to  burn  after  the  explosion.  The  injury  pro- 
duced by  burning  depended  chiefly  on  the  amount  of  body-surface  exposed, 
and  a  man  completely  clothed  was  not  likely  to  succumb  to  the  burning 
alone. 

With  reference  to  violence,  in  some  cases  the  injurious  effects  on  men 
could  hardly  be  exaggerated,  as  for  instance  when  a  man  was  actually 
decapitated  or  his  limbs  torn  off,  but  such  cases  of  extreme  violence  only 
occurred  to  persons  caught  and  hurled  by  the  full  blast,  and  they  were 
comparatively  rare.  He  agreed  with  Dr.  Haldane,  however,  that  nothing 
approaching  the  shattering  violence  of  the  detonation  of  a  mixture  of 
hydrogen  or  fire-damp  and  oxygen  occurred  in  dust-explosions. 

It  was  true  that  injuries  were  sometimes  caused  after  death  by  falls  of 
roof,  but  these  cases  were  not  common,  because  as  a  rule  the  falls  took  place 
at  the  moment  of  the  explosion,  and  such  falls  as  afterwards  occurred  were 
usually  at  places  where  there  had  been  a  previous  fall  at  the  time  of  the 
explosion.  It  was  easy  to  distinguish  falls  which  occurred  after  a  dust 
explosion  from  those  coming  down  at  the  time  ;  in  the  former  case,  the 
surfaces  of  fracture  exhibited  their  natural  colour,  whilst  in  the  latter 
case,  they  were  black,  and  coated  with  a  velvety  deposit  of  coal-dust. 

Dr.  Haldane's  conclusion  that  sufiicient  oxygen  remained  in  pure  after- 
damp to  support  life  for  so  long  as  |  hour  or  1  hour  was  extremely  inter- 
esting, but  before  unreservedly  accepting  it,  we  required  to  be  sure  that 
oxygen,  undoubtedly  present  at  some  points  immediately  after  the  passage 
of  the  blast  of  an  explosion,  might  not  have  come  in  from  adjacent 
passages  not  traversed  by  the  explosion.  Fires  were  frequently  caused  by 
explosions,  and  found  burning  by  the  explorers,  in  which  cases  it  was  evid- 
ent that  a  supply  of  oxygen  was  available  immediately  after  the  explosion. 
No  doubt  there  was  always  a  great  excess  of  coal-dust  beyond  the  amount 
theoretically  necessary  from  a  chemical  point  of  view  to  carry  on  an 
explosion,  and  only  a  comparatively  small  amount  of  the  volatile  com- 
bustible matter  was  expelled  from  the  dust,  but  this  appeared  to  be  an 
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argument  in  favour  of  the  complete  exhaustion  of  the  oxygen,  and  when 
we  considered  the  great  pressure  which  must  exist  during  the  progress  of 
a  mine  explosion  it  appeared  surprising  if  the  flame  did  not  actually  fill 
the  passage.  On  the  other  hand,  in  a  boiler-flue  fired  with  powdered  dust, 
and  as  ordinarily  observed  through  a  sight-hole,  at  a  fierce  orange  heat, 
an  excess  of  dust  would  cause  it  to  appear  quite  black  and  dark.  The 
subject  was  one  deserving  further  investigation,  and  this  could  only  be 
done  experimentally,  because  it  was  not  possible  to  secure  pure  after- 
damp in  a  mine.  From  the  point  of  view  of  saving  life  the  source  of  the 
oxygen  was  not  material,  and  apart  from  men  in  the  actual  track  of  an 
explosion,  there  was  usually  a  much  greater  number  who  might  be  rescued 
if  they  refrained  from  rushing  into  the  after-damp,  and  the  explorers 
could  reach  them  without  forcing  the  after-damp  on  to  them. 

It  was  most  desirable  that  the  conditions  leading  to  and  brought  about 
by  extensive  coal-dust  explosions  should  be  better  known  to  miners,  so 
that  they  might  be  able  to  take  the  best  measures  to  save  their  lives ;  but 
beyond  the  general  advice  that  it  was  almost  certain  death  to  attempt  to 
pass  through  any  considerable  amount  of  after-damp,  and  that  it  was  safer 
to  retreat  and  take  means  to  divert  the  after-damp,  it  was  somewhat  diffi- 
cult to  give  specific  instructions,  because  the  construction  of  mines  and 
the  state  of  different  roads  with  reference  to  coal-dust  and  liability  to 
invasion  by  after-damp,  differed  so  widely.  It  was  therefore  most  desirable 
that  a  considerable  proportion  of  the  miners  should  be  made  acquainted 
with  the  return-airways  by  travelling  through  them  periodically. 

Fuller  information  was  required  as  to  the  amount  and  degree  of  purity 
of  coal-dust  necessary  to  enable  it  to  propagate  an  explosion,  for  although 
it  was  possible  to  predict  of  certain  roads  that  a  dust-explosion  would  or 
would  not  pass  along  them,  there  were  other  roads  where  our  knowledge  was 
insufficient  to  enable  a  judgment  to  be  formed  with  any  certainty;  and 
the  same  uncertainty  .existed  with  reference  to  the  length  of  the  interval 
free  from  coal-dust  which  was  necessary  to  arrest  the  advance  of  a  dust- 
explosion.     Experimental  research  on  these  points  would  be  very  useful. 

Mr.  J.  L.  Hedley  (H.M.  Inspector  of  Mines,  Newcastle-upon-Tyne) 
said  that  Dr.  Haldane  had  evidently  studied  the  matter  thoroughly,  and 
what  he  had  told  them  he  had  doubtless  told  them  with  very  good  warrant, 
but  there  were  certainly  several  points  to  which  he  thought  attention 
should  be  drawn.  He  gathered  from  the  paper  that  Dr.  Haldane 
thought  the  return-airway  was  the  safer  way  to  come  out,  but  it 
depended  entirely  on  the  condition  in  which  the  mine  was  found  after 
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the  explosion.  Men,  after  an  explosion,  naturally  tried  to  take  the 
quickest  way  out  that  they  could ;  they  went  by  the  intake  road 
because  that  was  the  road  which  they  knew  best.  However,  it  was  a 
well-known  fact  that  the  suggestion  made  by  Mr.  Atkinson  had  been 
already  carried  out  in  some  of  the  mines  in  this  county.  It  was  all  very 
well,  however,  for  the  members  to  suggest  what  a  man  should  do  when  he 
was  in  a  pit  after  an  explosion ;  but  they  must  remember  that  the  men  had 
not  even  got  their  lights  to  guide  them.  Dr.  Haldane  told  them  that 
men  should  be  careful  to  retreat  when  they  came  to  after-damp,  but  men 
did  not  know,  except  by  the  senses,  when  they  got  to  after-damp  after  an 
explosion,  simply  because  they  had  no  means  of  detecting  it,  and  the  only 
suggestion  made  was  to  use  a  live  mouse,  but  they  could  not  expect  a 
collier  to  take  a  mouse  down  the  pit  with  him  every  day. 

Dr.  Haldane  said  it  seemed  to  him  that,  "  considering  the  risks  of  an 
explosion  in  any  fairly  dry  pit,  however  free  from  fire-damp,  arrangements 
should  be  made  beforehand  for  minimizing,  as  far  as  possible,  the  loss  of 
life  should  an  explosion  occur."*  He  (Mr.  Hedley)  did  not  think  that  they 
should  allow  that  statement  to  pass  without  making  some  remarks  upon  it. 
In  the  first  instance,  as  far  as  his  experience  went,  arrangements  were 
made  beforehand  in  every  well-organized  pit  to  prevent  explosions ;  and, 
secondly,  after  an  explosion  he  thought  he  was  justified  in  saying  that 
arrangements  were  made,  as  far  as  possible,  to  prevent  any  serious  results. 
The  provision  of  light  movable  flaps  on  the  top  of  the  upcast  shaft  was 
already  made  and  he  thought  that  where  fans  were  erected  at  the  present 
day  these  movable  flaps  were,  in  nearly  every  instance,  provided  ;  and  if 
they  were  not  provided,  it  was  not  the  fault  of  the  colliery  owner,  but  of 
the  inspector  of  mines,  who  ought  to  see  that  it  was  done. 

Another  point  to  which  Dr.  Haldane  referred  was  the  death  of  men 
after  an  explosion,  but  he  had  evidently  overlooked  the  fact  that  many 
men,  although  they  were  not  blackened  and  burnt  severely  on  the  outside 
of  their  bodies,  had  inhaled  the  hot  atmosphere,  and  this  might  result  in 
their  death  at  any  time.  In  small  explosions  the  men  were  not  burnt  or 
blackened  with  dust,  and  yet  they  died ;  it  was  a  question  of  internal 
burning,  and  many  deaths  were  no  doubt  due  to  that  fact. 

Referring  to  the  Brancepeth  explosion,  the  writer  said  that  90  per 
cent,  of  the  victims  would  probably  have  escaped  if  there  had  been  no 
after-damp  there,  but  in  this  he  was  surely  mistaken.  There  were  20 
men  killed,  8  being  killed  by  injuries. 

He  thought  that  the  members  ought  not  to  rush  away  and  leave  then- 
old-fashioned  systems  of  testing  the  gas  for  new  ones  unless  they  had  perfect 
*  Trans.  Fed.  Tnst.,  vol.  xi.3  page  511. 
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certainty  that  these  would  be  of  benefit  to  them.  They  went  into  a  pit  in 
their  own  way  to  examine  for  gas,  and  knew  how  to  find  it  with  a  safety- 
lamp.  After  an  explosion  they  would  enter  the  pit  with  their  old  friend, 
the  safety-lamp,  and  any  practical  man  was  able  to  see  whether  he  was 
going  into  danger  or  not,  and  could  judge  whether  or  not  he  was  in  a 
dangerous  atmosphere.  It  did  not  matter  what  the  percentage  of  oxygen 
was,  he  for  one  would  certainly  trust  to  that  method  in  preference  to 
anything  else. 

It  was  true  that  fires  were  often  originated  by  an  explosion,  but  it 
was  extremely  doubtful  whether  combustion  was  supported  by  oxygen  left 
in  the  after-damp.  Many  years  experience  had  shown  that  such  fires 
simply  smouldered  until  fed  by  fresh  air  supplied  by  the  gradually  in- 
creasing restoration  of  the  ventilation. 

Mr.  Joseph  Dickinson  (Manchester)  said  that  he  was  very  pleased 
with  the  practical  remarks  which  Mr.  Hedley  had  made,  and  he  felt  quite 
satisfied  that  in  the  discussion  which  the  paper  would  elicit  among  so 
many  able  mining  engineers  as  were  members  of  The  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers  the  whole  thing  would  be 
thrashed  out,  and  nothing  in  the  nature  of  a  mere  toy  would  be  thrust 
upon  the  miner  when  he  had  to  face  that  difficulty  and  make  his  way  as 
best  he  could  among  the  after-damp.  He  would  like  to  mention  that  the 
subject  of  carbonic  oxide  was  once  closely  gone  into  in  the  case  of  the 
Hetton  colliery  explosion  in  the  north  of  England,  which,  perhaps,  very 
few  of  those  present,  except  the  President  and  himself,  would  remember 
anything  about.  Mr.  Nicholas  "Wood  called  in  the  assistance  of  Sir 
Lowthian  Bell  and  the  late  Dr.  Thomas  Richardson,  of  Newcastle,  who 
stated  that  carbonic  oxide  was  the  most  poisonous  gas  found  in  after- 
damp. He  brought  the  subject  before  the  Manchester  Geological  Society 
at  the  time,  and  it  was  very  carefully  discussed  by  the  late  Dr.  Crace 
Calvert.* 

He  did  not  find  any  reference  in  the  paper  to  the  specific  gravity  of 
after-damp.  He  believed  that  the  Royal  Commission  were  of  opinion 
that  after-damp  was  of  greater  specific  gravity  than  atmospheric  air,  and, 
consecpiently,  that  it  should  be  lying  on  the  ground,  but  in  the  many 
times  he  had  had  to  face  after-damp  and  clear  it  away,  he  had  always 
found  it  next  the  roof,  whether  from  originally  lighter  specific  gravity  or 
the  heating  which  it  had  got  by  the  explosion  he  would  leave  it  to  the 
chemists  to  decide.  Very  likely  many  of  the  members  would  go 
minutely  into  the  various  points  of  Dr.   Haldane's  paper,   and  some 

*  Trans.  Maneh.  Geoloyical  Society,  1862,  vol.  ii.,  page  35. 
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practical  rules  would  no  doubt  be  laid  down  for  the  guidance  of  men 
in  explosions.  The  old-fashioned  rule  that  he  was  brought  up  with  was 
"  Make  your  way  to  the  shaft,  and  if  you  find  any  obstruction  by  falls  or 
pit-gas,  go  back  and  find  another  way,  but  do  not  go  into  the  gas." 

Dr.  J.  S.  Haldane  (Oxford)  acknowledged  the  force  of  Mr.  Gerrard's 
caution  as  to  the  danger  of  fanning  a  smouldering  fire  into  active  flame 
by  the  too  hasty  introduction  of  fresh  air,  but  he  thought  that  a  long 
delay  in  getting  into  the  pit  after  an  explosion  increased  the  risk  in 
another  way,  since  small  fires  thus  had  time  to  assume  serious  dimensions, 
and  large  volumes  of  gas  accumulated.  This  was  at  least  the  impression 
that  he  received  from  the  facts  recorded  in  the  official  reports  of  several 
explosions. 

With  regard  to  Mr.  J.  L.  Hedley's  remarks  as  to  light  movable  flaps 
at  the  top  of  the  upcast  shaft  being  already  generally  provided,  he 
thought  that  there  must  be  some  misunderstanding.  In  several  recent 
explosions  in  new  and  thoroughly  well-equipped  pits  the  ventilation  had 
for  some  time  been  arrested  through  the  timbering  connecting  the  fan- 
drift  and  the  fan  being  blown  out.  At  Tylorstown  explosion,  for 
instance,  although  the  force  up  the  upcast  shaft  hardly  moved  the  pit- 
cover,  which  was,  of  course,  somewhat  heavy,  yet  much  of  the  timbering 
was  blown-out. 

As  to  men  being  killed  by  inhaling  the  hot  atmosphere,  he  had  not 
himself  hitherto  met  with  such  cases.  He  had  carefully  examined  the 
air-passages  of  a  number  of  dead  horses  for  evidence  of  internal  burning, 
but  could  not  find  any  signs  of  scorching  beyond  the  lips  and  tip  of  the 
tongue;  nor  did  any  survivors  whom  he  had  examined  show  definite 
symptoms  of  internal  burning. 

The  statement  which  he  had  made  as  to  the  causes  of  death  at  the 
Brancepeth  explosion  was  based  on  the  medical  examination  of  the  bodies, 
which  was  conducted  by  Dr.  Brown  and  himself.  The  appearances  of 
the  bodies  were  so  characteristic  that  there  could  be  no  room  for  doubt 
as  to  carbonic  oxide  poisoning  being  the  actual  cause  of  death  in  at  least 
18  out  of  the  20  cases. 

He  was  very  much  surprised  at  Mr.  Hedley's  trust  in  the  indications 
of  a  safety-lamp,  and  at  the  expressions  of  apparent  agreement  with  Mr. 
Hedley  by  the  President  and  Mr.  Dickinson.  He  thought  that,  quite 
apart  from  the  facts  brought  forward  in  the  paper,  all  would  have  been 
agreed  as  to  the  extreme  danger  of  trusting  to  a  safety-lamp  in  after- 
damp, or  gases  from  underground  fires,  heated  coal,  etc.  At  Tylorstown, 
11  men  were  found  lying  dead  with  lamps  burning  beside  them,  and  at 
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Tylorstown,  Brancepeth,  and  Micklefield,  rescuers,  whose  lamps  were 
burning  brightly,  were  overcome,  and  narrowly  escaped  with  their  lives 
— to  quote  only  instances  observed  during  the  present  year. 

He  (Dr.  Haldane)  thought  that  the  observations  recorded  by  Mr. 
Dickinson  as  to  the  specific  gravity  of  after-damp  were  most  interesting. 
He  (Dr.  Haldane)  had  calculated  that  the  after- damp  of  a  dust  explosion 
must  be  if  anything  lighter  than  air,  but  he  had  hesitated,  in  the  absence 
of  direct  evidence,  to  make  any  positive  statement  on  the  subject  in  his 
paper.  The  after-clamp  is  air,  the  oxygen  of  which  has  been  replaced  by 
nitrogen,  carbon  dioxide,  carbon  monoxide,  aqueous  vapour,  and,  prob- 
ably, a  little  hydrogen  and  marsh  gas  distilled  from  the  dust.  The 
nitrogen,  carbon  monoxide,  hydrogen,  aqueous  vapour,  and  marsh  gas  are 
all  lighter  than  the  oxygen  which  they  replace,  and  will  counterbalance 
the  effect  of  the  heavier  carbon  dioxide. 

He  was  sorry  he  had  not  seen  the  paper  referred  to  by  Mr.  Dickinson, 
and  he  feared  that  there  might  be  other  observations  on  the  properties  of 
after-damp  which  he  had  overlooked  when  writing  his  paper.  He  would 
like  to  take  the  opportunity  of  saying  that  the  theory  that  carbon 
monoxide  was  the  chief  poisonous  constituent  of  after-damp  was  in  no 
way  originated  by  himself,  but  he  thought,  nevertheless,  that  a  closer 
investigation  of  the  subject  had  been  much  required.  The  mere  fact 
that  safety-lamps  would  burn  in  the  poisonous  air  was  not  sufficient  proof 
as  to  the  nature  of  the  poison,  since  lamps  would  also  burn  in  air  ren- 
dered poisonous  or  dangerous  by  sulphuretted  hydrogen,  sulphurous  acid, 
carbonic  acid,  and  other  gases. 

He  hoped  that  the  mouse  test  would  be  -practically  used  in  dealing 
with  gases  from  heated  coal,  after-damp,  etc.  In  view  of  Mr.  J.  Dickin- 
son's remarks  on  the  specific  gravity  of  after-damp,  it  might  be  well  to 
add  a  caution  as  to  the  desirability  of  keeping  the  animal  as  high  as  the 
head  of  the  man  carrying  it. 

The  President  said  that  Dr.  Haldane  was  somewhat  diffident  with 
regard  to  speaking  practically  on  the  subject,  but  he  did  speak  medically, 
and  his  observations  were  entitled  to  the  greatest  possible  respect.  He 
(the  President)  agreed  with  Mr.  Dickinson's  and  Mr.  Hedley's  remarks. 
The  members  were  indebted  to  Dr.  Haldane  and  must  give  to  him  their 
best  thanks  for  taking  the  trouble  to  write  this  valuable  paper. 


Mr.  D.  H.  F.  Matthews  (H.M.  Inspector  of  Mines)  read  the  follow- 
ing paper,  by  Mr.  H.  Hall,  on  "  Some  Aspects  of  Recent  Colliery 
Explosions  " : — 
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SOME  ASPECTS  OF   RECENT   COLLIERY  EXPLOSIONS. 


By  H.  HALL,  H.M.  Inspector  of  Mines. 


The  writer  proposes  to  submit  to  the  members  a  few  thoughts  on  the 
initiation  of  colliery  explosions  as  distinct  from  their  development  and 
extension,  believing  that  this  latter  branch  of  the  subject  has  recently 
had  more  than  its  share  of  attention,  whilst  the  initiation  has  to  some 
extent  been  overlooked. 

He  will  direct  attention  more  especially  to  the  questions  of  open  lights 
and  blasting  with  powder,  because  it  is  from  one  or  other  of  these  two 
sources  that  the  initial  flame  springs,  which  sets  alight  the  fire-damp  or 
coal-dust,  and  thus  leads  to  those  tremendous  and  disastrous  effects  with 
which  we  are  all  so  familiar.  There  are,  no  doubt,  one  or  two  other 
sources  of  ignition,  such  as  spontaneous  combustion  or  accidental  fires, 
but  very  few  explosions  have  been  traced  to  these  agencies. 

No  one  who  takes  an  interest  in  the  subject  can  fail  to  have  been 
struck  by  the  fact  that  colliery  explosions  which  have  happened  recently 
have  occurred  in  mines  hitherto  considered  of  the  non-dangerous  class. 
Mines  in  which,  for  instance,  fire-damp  is  either  unknown  or  presenting 
itself  on  very  rare  occasions,  and  at  long  intervals,  and  then  only  in 
such  small  amount  as  apparently  to  render  an  explosion  of  a  devastating 
character,  impossible.  To  satisfy  ourselves  that  this  has  been  so,  we 
need  only  refer  to  the  explosions  at  Camerton  in  Somersetshire,  Black- 
well  in  Derbyshire,  Brancepeth  in  Durham,  and  Micklefield  in  Yorkshire, 
all  of  which  collieries  were  looked  upon  as  of  so  safe  a  character  that 
open  lights  were  used  to  work  the  coal,  and  blasting  with  gunpowder 
was  resorted  to  wherever  the  coal  or  stone  needed  to  be  blown. 

The  circumstances  of  each  of  these  explosions,  and  the  character  of 
the  mine,  may  be  shortly  stated  as  follows  :— 

At  Camerton,  the  explosion  originated  in  an  intake  air-road,  and  is 
supposed  to  have  been  caused  by  a  shot  of  blasting-powder  fired  there — 
the  effects  were  visible  over  3,600  feet  of  roads.  There  were  2  deaths. 
This; colliery  had  been  worked  for  upwards  of  one  hundred  years  with 
open  lights  only.  There  was  not  such  a  thing  as  a  safety-lamp  on  the 
premises.     The  seam  iu  question  is  partially  dusty.     The  jury  found : — 
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"that  the  deceased  lost  their  lives  through  an  explosion,  but  how  that 
explosion  was  caused  there  was  not  sufficient  evidence  to  determine  " 

At  Blackwell,  the  explosion  originated  in  an  intake  air-road,  and  is 
supposed  to  have  been  caused  by  a  shot  of  blasting-powder  fired  there. 
The  effects  were  sweeping,  and  were  visible  over  considerable  distances. 
There  were  7  deaths.  The  seam  was  worked  with  open  rights,  and  had 
been  since  its  commencement ;  but  safety-lamps  were  occasionally  used, 
and  more  especially  after  any  cessation  of  working,  as  on  Sunday 
evening.  The  seam  in  question  is  partially  dusty.  The  verdict  of  the 
jury  was: — -""We  find  that  John  Jones  and  six  others  met  with  their 
deaths  on  the  11th  November,  by  an  explosion  in  the  low  main  seam  at 
the  A  winning  pit  of  the  Blackwell  Colliery  Company,  which  explosion 
was  caused  by  an  overcharged  shot  of  gunpowder ;  but  the  evidence  fails 
to  clearly  define  the  secondary  cause." 

At  Brancepeth,  the  explosion  originated,  also,  in  an  intake  air-road, 
and  is  supposed  to  have  been  caused  by  a  shot  of  blasting-powder  fired 
there.  The  effects  were  sweeping,  extending  over  upwards  of  3  miles  of 
roads.  There  were  20  deaths.  The  colliery  is  worked  with  mixed  lights, 
open  lightsbeing  used  in  cutting  or  forming  the  pillars,  and  safety-lamps 
in  working  the  "broken,"  and  on  all  main  roads.  The  seam  in  question 
is  dusty.  The  verdict  of  the  jury  was : — "We  find  that  a  shot  was  fired 
(gunpowder),  but  by  whom  we  know  not,  and  the  shot  ignited  the  coal- 
dust,  and  caused  an  explosion  in  the  cross-cut  way,  culminating  in  the 
deaths  of  20  men  and  boys  accidentally." 

At  Micklefield,  the  explosion  was  caused  by  an  open  light,  and  was 
very  violent  in  character.  The  colliery  had  been  worked  with  open  lights 
during  the  past  twenty-three  years.  There  were  63  deaths.  The  verdict 
of  the  jury  was  as  follows: — ""We  are  unanimously  of  opinion  that  the 
explosion  was  caused  by  gas,  and  was  purely  accidental,  and  that  no 
blame  is  to  be  attached  to  any  person." 

Now,  three  of  these  explosions  have  occurred  within  the  last  twelve 
months,  and  within  that  period  there  has  been  only  one  serious  explosion 
in  a  mine  of  a  dangerous  class,  namely,  at  Tylorstown,  in  Glamorganshire, 
where  57  persons  were  killed  in  January,  1890.  The  supposed  cause  of 
this  explosion  was  the  firing  of  a  shot  of  some  high  explosive  by  means  of 
tape-fuze. 

Thus  we  see,  that  at  any  rate  recently,  explosions  have  been  more 
frequent  in  mines  of  the  supposed  safe  class  than  in  others.  In  three  of 
the   cases   referred  to,  a  shot  of  blasting-powder  is  fixed  upon  as  the 
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iuitiatory  cause,  but,  as  open  lights  were  in  use  it  must  have  been  some- 
what difficult  to  decide  with  certainty  that  the  disasters  were  due  to 
blasting. 

If  these  were  fire-damp  explosions,  then  we  naturally  ask  how  it  was 
that  such  a  large  body  of  gas,  as  must  have  been  present  to  produce  such 
effects,  escaped  being  inflamed  by  the  open  lights,  previous  to  the  blasting 
taking  place.  The  writer  leaves  this  question  to  be  answered  by  the 
opponents  of  the  coal-dust  theory. 

In  the  cases  quoted,  we  have  a  remarkable  phenomenon  of  a  devasta- 
ting and  sweeping  explosion,  under  circumstances  and  surroundings  which 
were  deemed  so  devoid  of  danger  that  the  simple  precaution  of  using 
safety-lamps  was  not  resorted  to,  and  so  far  as  human  ingenuity  could 
discover,  by  means  of  a  searching  enquiry,  the  conditions  of  the  mines  were 
precisely  the  same,  as  to  safety,  at  the  moment  the  explosions  happened. 

We  see  that  in  each  of  these  recent  explosions,  either  open  lights  or 
gunpowder  has  been  the  initiatory  cause,  and,  if  we  examine  the  official 
statistics  for  1895  we  shall  find  some  further  startling  evidence  as  to  the 
part  played  by  open  lights  in  initiating  explosions. 

The  writer  has  carefully  taken  out  of  the  Reports  of  H.M.  Inspectors 

of  Mines,  etc.,  for  1805,  the  particulars  of  all  the  fatal  and  non-fatal 

explosions  of  fire-damp  or  coal-dust  in  the  United  Kingdom,  and  they  are 

as  follows  : — 

Table  I, — List  of  Fatal  and  Non-fatal  Explosions  of  Fire-damp  or  Coal- 
dust  in  the  United  Kingdom  during  the  Year  1895. 


Districts. 

Explosions  of  Fire-damp  or 
Coal-dust. 

Causes. 

Fatal. 

Deaths. 

Non- 
fatal. 

Injured. 

Open 
Lights. 

Gun- 
powder 
or  Fuze. 

Other 
Causes. 

West  of  Scotland 
East  of  Scotland 
South  Wales    ... 
South  Staffordshire    ... 
Yorkshire 
Northumberland 
South  Western 

Midland            

North  Staffordshire    ... 
West  Lancashire  and  North 

Wales 
North-East  Lancashire 
Durham 

Totals 

2 
2 

7 
2 
1 
1 
2 
1 

1 
1 

14 
2 

10 
4 
2 

1 
9 

7 

1 
5 

47 

29 

29 

10 

6 

5 

2 

3 

4 

3 
2 
4 

66 
43 
43 
15 

9 
7 
2 
5 

7 

9 
3 
6 

46 
29 
34 
10 

6 
2 
2 
2 

2 
3 

2 

1 

1 

2 

2 
2 

2 

1 

3 

1 
2 
6* 

2 

1 

20 

55 

144 

215 

136 

13 

15 

*  Cause  not  stated,  probably  open  lights. 
N.B.—  83  per  cent,  of  those  explosions  were  due  to  open  lights,  or  136  fatal 
and  non-fatal  explosions  out  of  a  total  of  164.     52  per  cent,  of  the  deaths  were 
caused  by  open  lights,  or  29  out  of  a  total  of  55. 
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The  geographical  distribution  of  these  explosions  is  remarkable.  We 
find  that  Scotland  and  South  Wales  have,  in  point  of  numbers,  many 
more  explosions  than  the  English  counties,  indeed  Scotland  has  almost 
twice  as  many  as  the  whole  of  England  taken  together,  her  only  com- 
petitor in  this  respect  being  South  Wales.  These  two  districts  combined 
account  for  very  nearly  50  per  cent,  of  the  deaths. 

We  need  not  be  at  a  loss  for  an  explanation  of  this  singular  state  of 
things,  because  it  is  notorious  that  Scotland  and  the  bituminous  coal 
collieries  of  South  Wales  have  adhered  to  open  lights,  while  such  lights 
have  almost  totally  disappeared  from  the  English  counties,  and  thus  we 
have  the  anomaly  of  more  frequent  explosions  of  fire-damp  in  mines 
popularly  supposed  to  be  least  liable  to  the  presence  of  fire-damp. . 

The  year  1895  is  by  no  means  singular  as  regards  explosions  and 
their  causes.  The  writer  has  summarized  (Table  II.)  the  whole  of  the 
deaths  by  explosions  of  fire-damp  or  coal-dust  during  the  twenty-two 
years  previous  to  1895,  and  they  amount  to  4,914,  of  which  number 
1 ,583  deaths  are  set  down  to  open  and  mixed  lights,  and  1,853  to  blasting 
with  powder  or  other  naming  explosive,  that  is  70  per  cent,  of  the  total 
deaths  have  been  due  to  these  two  causes  combined.  There  are  no 
statistics  of  the  non-fatal  explosions  in  these  years,  but  they  were,  no 
doubt,  even  more  frequent  than  in  1895,  and  their  geographical  distribu- 
tion the  same. 

There  is  yet  another  fruitful  source  of  accident  in  open  light  collieries, 
namely,  by  sparks  from  candles  or  open  lamps  coming  accidentally  into 
contact  with  charges  of  explosive,  either  in  transit  from  place  to  place  or 
in  process  of  charging  holes.  If  we  examine  the  statistics  for  last  year, 
we  shall  find  that  such  accidents  are  very  frequent  and,  although  seldom 
fatal,  they  are  usually  of  a  very  distressing  nature. 

A  further  danger  springing  from  the  use  of  open  lights  is  the  laxity  of 
discipline  which  it  always  entails :  men  smoke,  carry  matches,  and  generally 
behave  as  if  they  were  quarrying  instead  of  mining  ;  and  these  men  having 
been  taught  habits  of  this  kind  move  about  the  country,  taking  their  bad 
habits  with  them,  and  become  a  constant  source  of  danger  and  trouble  in 
other  districts.  As  a  proof  of  the  lamentable  influence  of  such  a  training, 
we  need  only  refer  to  the  Official  Report  of  Messrs.  Guthrie  and  Ronald- 
son  to  the  Secretary  of  State  on  an  explosion  in  the  Quarter  colliery, 
Scotland,  in  April,  last  year.  There  were  13  persons  killed,  and  on 
pages  3  and  4  of  the  report  we  find  as  follows  : — 

On  the  bodies  of  the  other  8  men  who  were  killed  were  found  the  following 
articles  :  — 
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Yorkshire 
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South-western . . 
South  Wales    . . 
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No.  1. — Tin  matchbox,  half-full  of  matches,  and   contrivance  for  opening 

lamps. 
No.  2. — Split  nail  for  opening  lamps. 
No.  3. — Seven  matches  and  split  key  for  opening  lamps. 
No.  4. — Split  nail  for  opening  lamps. 
No.  5. — Clay  pipe  and  a  piece  of  tobacco. 
No.  6. — Tin  matchbox,  half -full  of  matches. 
No.  7. — Clay  pipe  and  piece  of  tobacco. 
No.  S. — Wooden    pipe,  piece  of  tobacco,  one  match,  and  a  box  half -full  of 

matches. 

This  colliery  was  worked  with  open  lights  up  to  six  years  ago,  but  at 
that  tune,  as  the  result  of  an  arbitration,  safety-lamps  were  adopted.  It 
is  clear  that  six  years  had  not  sufficed  to  eradicate  the  early  teaching. 

Such  are  the  facts  to  which  the  writer  desires  to  draw  attention,  they 
are  plain,  unvarnished  facts,  gathered  from  dry  official  reports,  and  for 
that  reason  sometimes  overlooked  :  at  any  rate  their  accumulated  signifi- 
cance is  not  always  appreciated.  The  list  is  black  enough  in  all  conscience, 
and  if  we  ask  ourselves  why  a  system,  producing  such  disastrous  results, 
has  not  been  swept  away  long  ago,  the  question  is  somewhat  difficult  to 
answer.  It  is  held  by  the  advocates  of  the  prehistoric  candle,  that  falls 
of  roof  are  prevented  by  the  better  light  afforded.  This  may  have  been 
so  when  the  only  competitor  of  the  candle  was  a  Davy  safety-lamp,  but  it 
is  no  longer  true  in  the  presence  of  improved  safety-lamps  giving  a  superior 
light  to  that  even  of  the  candle.  "We  are  also  told  that,  with  open  lights 
in  general  use  throughout  a  mine,  there  can  be  no  sweeping  explosion,  but 
this  view  has  been  belied  again  and  again.  Also  the  continued  use  of 
open^lights  is  at  times  upheld  on  the  ground  that  they  have  been  used 
twenty  or  thirty  years  in  a  particular  mine  and  nothing  serious  has 
happened.  Such  a  view  seems  reasonable  at  first  sight,  but  we  must  bear 
in  mind  that,  if  an  explosion  were  to  happen  in  every  colliery  in  its  life 
of  forty  or  fifty  years,  we  should  have  large  colliery  explosions  almost 
daily,  instead  of  only  two  or  three  in  a  year. 

Economy,  may  be  put  forward  by  some  engineers  as  a  sufficient  reason, 
but  this  opinion  will  hardly  be  shared  by  the  profession  generally.  It 
would  be  quite  as  reasonable  for  a  railway  company  to  decline  to  put 
down  a  double  line  of  rails  on  the  score  of  expense,  as  it  would  be  for  a 
colliery  company  to  refuse  to  adopt  precautions  on  similar  grounds. 

The  writer  feels  sure  he  is  expressing  the  opinion  of  every  engineer 
present  when  he  states  that  nothing  can  justify  the  use  of  open  lights  in 
coal-mines,  unless  the  previous  history  of  the  mine  is  such  that  we  can 
satisfy  ourselves  with  absolute  certainty  that  fire-damp  will  never  make 
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its  appearance,  and  it  is  just  this  that  the  writer  submits  is  impossible : 
he  holds  that  no  such  unerring  judgment  can  be  formed,  and  that  it  is 
worse  than  folly  to  attempt  to  discriminate  as  to  methods  of  lighting. 

The  managers  of  the  four  collieries  to  which  attention  has  been  drawn 
never  dreamt  that  any  such  disaster  as  did  happen  was  possible  in  their 
mines,  or  these  would  not  have  been  worked  with  open  lights  for  a  single 
day,  but  events  showed  that  they  had  made  a  sad  and  fatal  mistake  ;  and 
in  addition  to  these  recent  explosions  we  have  the  long  list  of  accidents 
under  similar  circumstances,  which  have  been  tabulated  in  this  paper,  all 
pointing  to  the  same  conclusion. 

It  has  been  too  much  the  fashion  in  the  past  to  wrap  in  mystery  the 
circumstances  of  colliery  explosions,  and  to  assume  a  fatalism  which 
really  does  not  exist.  In  at  least  three  cases  out  of  four  the  cause  of  the 
initiation  of  an  explosion  is  transparent,  and  easily  removable,  and  their 
continued  recurrence  from  the  same  cause  is  a  slur  on  the  profession  of 
mining  engineers.  Institutes  such  as  this  meet  from  time  to  time,  and 
the  members  are  complimented  by  the  President  on  the  rapid  advance 
that  the  science  of  mining  is  making,  Royal  Commissions  sit  and  report 
with  elaborate  detail,  and  men  to  the  front  in  the  scientific  world  are 
called  in  to  elucidate  the  question  as  to  whether  the  victims  die  from  the 
effects  of  carbon  monoxide  or  carbon  dioxide,  whilst,  all  the  time,  we 
apparently  close  our  eyes  to  glaring  facts,  and  are  content  to  remain  in  a 
position  of  apathy. 

The  mining  profession,  and  especially  the  members  of  such  an  Institute 
as  this,  should  not  require  to  be  coerced,  either  by  Parliament  or  any 
other  outside  influence,  but  should,  of  their  own  motion  and  as  a  matter 
of  prestige,  take  action  to  put  an  end  to  practices  which  are  a  flagrant 
breach  of  good  mining. 

The  writer  is  satisfied  that  a  large  majority  of  the  men  who  have  to 
carry  out  the  actual  management  of  the  mines  are  ready  to  give  a  decisive 
vote  against  the  continuance  of  both  open  lights  and  blasting-powder  ; 
but  they  are  held  back  by  influences  which  are  somewhat  difficult  to 
define.  There  is  the  constant  pressure  put  upon  them  to  produce  cheaply, 
a  matter,  by  the  way,  to  which  much  more  importance  seems  to  be 
attached  than  to  the  disposal  of  the  produce  at  remunerative  prices.  But 
it  must  be  the  true  policy  of  all  interested  to  make  the  calling  of  the 
miner  a  safe  one,  so  that  no  premium  need  be  paid  in  the  form  of  high 
wages  as  a  set-off  against  risk. 

There  is  also  the  insidious  influence  that  springs  from  the  fact  of  a 
close  govermeutal  control,  such  as  is  exercised  over  mining  operations, 


256  DISCUSSION — RECENT  COLLIERY  EXPLOSIONS. 

always  tending  to  a  waiting  and  somewhat  apathetic  attitude,  and  this 
being  so,  a  government  should  be  quite  sure  that  its  legislation  keeps  pace 
with  the  highest  standard  of  professional  practice. 

But,  whatever  force  such  influences  may  have,  and  from  whatever 
quarter  they  may  come,  we  mining  engineers  who  love  our  profession 
and  respect  ourselves  should  oppose  a  resolute  front  to  every  influence 
which  might  place  us  in  a  position  where  reflexions  might  be  justly 
cast  upon  our  skill  or  humanity. 


The  President  said  that  there  were  some  members  as  old  as  himself 
who  remembered  the  condition  of  things  when  they  had  corves  and 
cranes  going,  and  where,  in  consequence,  the  amount  of  dust  in  the 
roadways  was  infinitely  greater  than  at  present.  Under  such  circum- 
stances, and  especially  in  pits  where  gas  and  a  high  temperature  pre- 
vailed, one  wondered  now  that  there  were  not  explosions  almost  daily. 
The  members  must  not  think  for  a  moment  that  he  was  an  advocate 
for  the  other  side,  and  that  coal-dust  did  not  contribute  largely  to  the 
increase  of  the  death-rate  in  mines.  He  had  long  entertained  the 
opinion  that  coal-dust  did  exercise  a  large  influence.  He  was  not 
quite  a  convert  to  the  idea  that  every  accident  would  be  considered 
as  due  to  coal-dust  alone,  simply  because  gas  may  not  have  been  seen 
over  a  long  period.  Wherever,  however,  they  had  gas  or  coal-dust 
even  in  very  small  quantities  they  should  take  precautions  of  the  char- 
acter which  had  been  indicated,  and  he  was  sure  that  coal-owners  had 
the  matter  sufficiently  in  hand  to  do  all  they  could  to  remedy  the  state 
of  things  that  prevailed  in  the  past.  There  were  exceptions,  but  he 
gave  colliery  owners,  as  a  rule,  the  credit  of  doing  everything  that 
they  could  to  prevent  accidents  in  their  own  collieries.  It  required  no 
pressure  from  the  Government  to  bring  that  about.  They  might  have 
too  much  legislation.  They  should  depend  more  upon  themselves  than 
upon  what  legislation  could  do,  and  papers  of  this  kind,  from  further 
experience  gained,  would,  no  doubt,  lead  them  shortly  to  obtain  a  more 
correct  knowledge  of  the  influence  of  coal-dust. 

Mr.  C.  M.  Percy  (Wigan)  said  that  he  was  a  strong  advocate,  in  his 
feeble  way,  for  the  views  which  the  author  of  the  paper  so  strongly 
advocated.  He  quite  agreed  that  many  colliery  owners — and  Lancashire 
stood  well  in  that  respect — required  no  legislation,  but  they  must  not 
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think,  or  tend  in  the  direction  of  thinking,  that  because  there  were  some 
righteous  colliery  owners  there  must  be  no  legislation.  There  were  many 
who  required  no  laws  and  who  would  lead  an  upright  life  if  there  were  no 
laws,  but  the  law  was  brought  into  operation  to  correct  the  sinner,  not  the 
saint.  The  legislation  of  the  past  had  proved  so  enormously  beneficial 
that  it  was  an  encouragement  for  further  legislation,  and  speaking  more 
as  an  outsider  than  an  insider  in  mining  matters,  he  must  admit  that 
the  public  feeling  was  very  strong  that  these  explosions,  from  whatever 
cause,  ought  to  diminish  and  that  further  legislation  was  necessary. 
Legislation  in  the  matter  of  lighting  and  explosives  would  bring,  not 
those  colliery  owners  who  did  their  duty,  but  those  who  did  not  do 
their  duty,  to  their  senses,  and  would  lessen  the  devastation  in  the 
mines  of  this  country. 

The  President  moved  that  the  thanks  of  the  members  be  accorded 
to  Mr.  Hall  for  his  valuable  paper. 


Mr.  W.  J.  Orsman  read  the  following  paper  on  "  Xotes  on  the 
Explosion  of  Coal-dust "  : — 
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NOTES  ON  THE  EXPLOSION  OF  COAL-DUST. 


By  W.  J.  OKSMAN,  F.I.C.,  F.C.S. 


It  is  curious  to  note  that  nearly  all  the  recent  explosions  in  British 
collieries  have  been  traced  to  the  ignition  of  coal-dust.  As  it  is  only 
lately  that  coal-dust  has  been  recognized  as  a  serious  danger,  it  may  be 
that  in  the  olden  days  fire-damp  was  often  wrongfully  accused.  Anyhow, 
the  circumstances  which  guide  the  working  of  a  mine  at  the  present  time 
are  much  more  favourable  to  the  explosion  of  coal-dust  than  of  fire-damp. 

With  the  modern  methods  of  ventilation,  any  gas  occluded  from  the 
coal  ought  to  be  at  once  swept  away,  or  so  diluted  as  to  become  a  non- 
explosive  mixture ;  on  the  other  hand  the  current  of  air,  sweeping  up 
the  dust,  and  presenting  a  large  volume  of  oxygen,  is  distinctly  in 
favour  of  helping  to  initiate  and  propagate  a  dust-explosion. 

It  is  now  an  acknowledged  fact  that  a  mixture  of  coal-dust  and  air 
can  be  ignited  and  cause  explosion  without  the  help  of  marsh  gas,  and 
experiments  on  a  large  scale  by  Mr.  Henry  Hall,  H.M.  Inspector  of 
Mines,  and  Mr.  W.  Galloway,  have  demonstrated  that  such  explosions 
can  be  caused  by  means  of  a  blown-out  shot. 

It  is  well  known  that  explosions  have  occurred  in  flour-mills,  and 
other  places,  in  which  a  dusty  atmosphere  has  been  present,  but  these  are 
of  very  rare  occurrence,  and  it  is  a  matter  of  extreme  difficulty  to  cause 
an  ignition  of  dust  by  means  of  a  naked  flame.  If  such  ignitions  were 
easy,  we  should  have  constant  explosions  in  the  dusty  atmospheres  in 
coal-mines  where  naked  lights  are  used.  We  therefore  have  to  look  for 
some  further  explanation  for  the  disastrous  explosions  which  sometimes 
occur  in  mines,  in  which,  as  far  as  could  be  proved,  no  inflammable  gas 
was  found,  either  before  or  after  the  explosion. 

The  easiest  way  to  produce  an  explosion  of  dust  experimentally  is  by 
means  of  a  blown-out  shot  of  blasting-powder,  that  is  to  say,  by  firing  a 
charge  of  blasting-powder  in  a  cannon  and  allowing  the  heated  products 
of  combustion  to  come  in  contact  with  a  dusty  atmosphere.  Under  these 
circumstances,  nearly  every  variety  of  coal-dust  will  catch  fire  and  burn 
easilv. 
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Gunpowder  has  been,  and  is  still,  used  largely  for  blasting  purposes, 
a  special  variety  called  blasting-  or  mining-powder  being  employed. 
Blasting-powder  contains  less  saltpetre  and  more  charcoal  than  ordinary 
gunpowder,  and  is  therefore  cheaper  to  use. 

With  ordinary  blasting-powder,  on  firing,  a  large  volume  of  heated 
gas  is  formed  (about  3,000  times  the  volume  of  the  powder  used  at  the 
temperature  of  ignition),  and  no  less  than  50  per  cent,  of  the  total  pro- 
ducts of  combustion,  consisting  of  finely-divided  particles  of  solid  matter 
raised  to  a  state  of  incandescence  are  projected  from  the  bore-hole.  These 
heated  particles  cause  rapid  ignition  of  a  mixture  of  air  and  coal-dust. 

Prof.  H.  B.  Dixon  has  shown  that  the  tendency  of  hydrocarbons,  and 
probably  carbon,  when  burnt  in  air,  is  to  first  form  carbon  monoxide, 
and  that  this  gas,  if  excess  of  oxygen  be  present,  further  burns  to  form 
carbon  dioxide.  Prof.  Dixon  has  also  shown  that  carbon  monoxide  forms 
explosive  mixtures  with  air  and  oxygen,  the  velocity  of  the  explosive  wave 
formed  reaching  a  maximum  in  the  presence  of  about  5  per  cent,  of  water- 
vapour.  The  heat  of  combustion  of  one  gramme  of  carbon  burning  to 
form  carbon  dioxide  is  8,080  units  ;  and  in  burning  to  form  the  monoxide 
is  only  2,473  units  ;  the  difference,  therefore,  of  5,607  will  show  the 
number  of  units  of  heat  evolved  in  the  burning  of  the  monoxide  to  the 
dioxide. 

Prof.  Vivian  Lewes  has  demonstrated  the  fact  that  coal-dust  will 
readily  burn  in  mixtures  of  air  and  carbon  monoxide,  and  has  shown  that 
a  small  proportion  of  carbon  monoxide  present  in  a  dusty  atmosphere  will 
constitute  a  most  explosive  mixture. 

There  is  every  probability  therefore  that  the  initial  combustion  of  the 
dust  through  contact  with  the  heated  products  of  the  blown-out  blasting- 
powder  shot  produces  a  certain  quantity  of  carbon  monoxide  gas,  and 
this  gas  mixing  with  the  fresh  air  and  fresh  dust  in  the  presence  of  flame 
will  cause  the  explosion  to  rapidly  extend  in  area. 

With  blasting-powders  containing  an  excess  of  charcoal  we  find  that 
large  volumes  of  carbon  monoxide  and  sulphuretted  hydrogen  are  formed, 
and  it  can  be  easily  demonstrated  that  coal-dust  burns  readily  in  mixtures 
of  air  with  the  gases  produced  in  this  way. 

In  order  to  test  the  action  of  the  gases  given  off  on  the  combustion  or 
detonation  of  explosives  containing  an  excess  of  carbonaceous  matter,  such 
as  blasting-powder,  carbonite,  etc.,  small  cartridges  have  been  fired  in  a 
specially  constructed  steel  bomb,  and  the  gas  produced  has  been  mixed  with 
aii  in  a  large  cylinder.  On  sprinkling  coal-dust  inside  and  applying  a 
light,  the  dust  ignited  easily,  and  burnt  away  fiercely.     It  will  be  seen, 
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therefore,  that  the  presence  of  carbon  monoxide  in  the  air  of  a  mine  in 
small  quantities  is  not  only  dangerous  to  health  (1  per  cent,  being  fatal), 
but  also  constitutes,  when  in  the  presence  of  coal-dust,  a  most  explosive 
mixture. 

On  examining  the  other  explosives  now  coming  into  use,  it  is  found 
that  those  which  do  not  produce  carbon  monoxide  or  other  inflammable 
gases,  such  as  those  of  the  Sprengel  class,  containing  nitrate  of 
ammonium,  are  very  safe  in  dusty  mines,  whilst  others  which  produce 
inflammable  gases  are  as  dangerous  as  gunpowder. 

From  theoretical  consideration  and  practical  experiments,  it  is  evident 
that  safety-lamps  are  as  necessary  in  a  pit  perfectly  free  from  gas,  where 
certain  explosives  are  used,  as  in  fiery  mines,  for  suppose  a  shot  of 
highly  carbonaceous  powder  or  other  explosive,  containing  an  excess  of 
carbon,  be  fired  in  a  bore-hole  properly  stemmed,  and  then  a  naked  light 
be  brought  near  the  face  where  the  coal  has  fallen,  it  is  quite  possible  to 
get  an  explosion  from  the  admixture  of  air  with  the  gaseous  products  of 
combustion,  and  the  explosion  in  a  dusty  atmosphere  might  extend  with 
awful  rapidity. 

Apart  from  the  dangers  of  explosion,  the  presence  of  the  poisonous 
carbon  monoxide  gas  produced  from  certain  explosives,  as  shown  in  a 
previous  paper  read  before  the  Institute  some  time  ago,  is  highly  dele- 
terious to  the  health  of  the  miner,  and  it  is  a  matter  of  great  interest 
that  Dr.  Haldane  has  determined  to  work  on  this  subject. 

In  order  to  obtain  some  idea  of  the  condition  of  the  air  inside  the 
pit  whilst  an  explosion  was  in  progress,  the  author  arranged,  at  the 
time  of  Mr.  Hall's  experiments  in  1892,*  a  method  of  taking  samples 
of  the  air.  Two  brass  tubes,  filled  with  water,  were  fastened  to  the 
rope  that  was  used  to  lower  the  cannon,  one  60  feet  and  the  other 
120  feet  from  the  bottom.  These  tubes  were  so  arranged  and  con- 
structed, that  the  explosion,  as  it  passed  the  t,ubes,  unsealed  the  outlet 
pipe,  and  the  escaping  water  allowed  the  ingress  of  a  sample  of  air,  which 
was  trapped  by  a  special  arrangement  and  kept  in  the  tube  until  the  rope 
could  be  wound  up.  By  this  method  it  was  intended  that  the  sample  of 
gas  taken  should  represent  the  state  of  the  air  whilst  the  flame  was 
passing,  or  directly  afterwards.  The  lower  tube,  as  the  analysis  will  show, 
did  partly  collect  the  gas  in  the  above  condition.  The  tube  at  the  top, 
however,  commenced  to  act  prematurely,  and  was  probably  started  by 
the  sound-wave  which  preceded  the  explosion.     This  tube  simply  con- 

*  Report  of  the  Royal  Commission  on  Explosions  from  Coal-dust  in  Mines, 
page  151. 
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tained  ordinary  air.     The  following  is  an  analysis  of  the  gases  found  in 
the  lower  tube  : — 

Per  Cent. 

Oxygen         3'9 

Nitrogen      75-9 

Carbon  dioxide       ...         ...         ...         ...         ...       12*1 

Carbon  monoxide  ...         ...         ...         ...         ...         8*1 

The  presence  of  carbon  monoxide  in  the  after-damp  from  an  explosion 
would,  by  leaking  into  the  side  workings,  in  the  absence  of  proper 
ventilation,  account  for  miners  being  found  dead,  although  the  lamps 
continued  to  burn  brightly,  the  percentage  of  carbon  monoxide  necessary 
to  cause  death  having  little  or  no  effect  on  the  flame  of  the  lamps. 

Many  theories  are  held  regarding  the  propagation  of  an  explosion  in 
a  dusty  mine,  the  principal  one  being  that  the  coal-dust  by  the  action  of 
heat  becomes  distilled  and  yields  the  inflammable  gases  necessary  to 
continue  explosion.  The  production  of  these  gases  may  undoubtedly 
have  some  effect,  but  the  writer  is  firmly  of  opinion  that  the  propagation 
is  principally  due  to  the  continuous  production  of  carbon  monoxide, 
which  causes  rapid  combustion  of  dust  and  air  as  long  as  these  are 
present.  It  is  found  that  lamp-black  and  other  finely-powdered  forms 
of  carbon  burn  in  the  presence  of  carbon  monoxide  as  easily  as  coal-dust. 
Further,  all  coal-dusts  are  sensitive  to  a  blown-out  blasting-powder 
shot,  provided  they  are  in  a  fine  state  of  division,  and  free  from  any  large 
admixture  of  dirt. 

The  reason  why  certain  dusts  have  been  stated  to  be  safe,  because 
they  did  not  catch  fire  when  experimentally  tried,  is  due  to  the  fact  that 
they  were  contaminated  with  dirt,  owing  to  the  traffic  through  the  pit, 
and  so  yielded  a  large  percentage  of  ash. 


Mr.  Oesman,  after  reading  the  paper,  made  a  few  experiments  with 
blasting-powder  from  the  Blackwell  colliery,  showing  that  the  gas  produced 
by  the  ignition  of  the  blasting-powder  contained  a  large  proportion  of 
carbon  monoxide  and  other  gases,  and  also  how  readily  such  gases  when 
mixed  with  air,  promoted  the  ignition  of  coal-dust. 

The  Peesident  moved  that  a  hearty  vote  of  thanks  be  accorded  to 
Mr.  Orsman  for  his  paper. 

Mr.  N.  R.  Geiffith  read  the  following  paper  by  Messrs.  F.  Brady, 
G.  P.  Simpson,  and  N.  R.  Griffith,  on  "  The  Kent  Coal-field  "  :— 
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THE  KENT  COAL-FIELD. 


By  F.   BRADY,  M.  INST.  C.E.;  G.  P.  SIMPSON,  F.R.G.S.;  and  NATH.  R. 

GRIFFITH. 


Many  years  ago  the  late  Mr.  R.  A.  C.  Godwin-Austen  expressed  an 
opinion,  based  upon  theoretical  considerations,  that  Coal-measures  might 
possibly  extend  below  the  south-eastern  parts  of  England,  and  in  his 
report  to  the  Royal  Commission  on  Coal  in  1871,  Sir  Joseph  Prestwich 
adopted  the  view  "  that  there  is  the  highest  probability  of  a  large  area 
of  productive  Coal-measures  existing  under  the  Secondary  rocks  of  the 
South  of  England."  He  further  expressed  the  opinion  that  the  length 
of  this  supposititious  coal -basin  might  extend  to  150  miles,  with  a 
breadth  of  from  2  to  8  miles. 

A  boring,  instituted  and  superintended  by  Mr.  Francis  Brady,  the 
engineer  to  the  South-Eastern  Railway  and  the  Channel  Tunnel  Com- 
pany, one  of  the  authors  of  this  paper,  at  Dover,  with  the  co-operation  of 
Sir  E.  W.  Watkin,  has  established  the  accuracy  of  the  judgment  of  Sir 
Joseph  Prestwich  and  Mr.  Godwin-Austen  as  to  the  existence  of  the 
coal-basin. 

This  bore-hole  is  on  the  Great  Fall  at  the  foot  of  Shakespear  Cliff, 
and  a  section  of  it  accompanies  this  paper  (Appendix  A). 

With  regard  to  the  origin  of  the  Dover  boring,  it  may  be  mentioned 
that  the  probability  of  a  connexion  between  the  Bristol  and  the  Pas-de-Calais 
coal-fields,  taking  its  course  by  way  of  Dover,  became  a  subject  of  dis- 
cussion shortly  after  the  publication  of  the  Coal  Commission  Report  in 
1871.  This  discussion  was  continued  in  1874,  at  the  time  of  the 
negotiations  between  Sir  Edward  Watkin  and  the  promoters  of  the  St. 
Margaret's  Bay  Channel  Tunnel  Scheme,  and  also  during  the  progress  of 
the  tunnel  works  in  1881  and  1882.  When  the  further  driving  of  the 
submarine  trial-heading  was  interdicted,  in  July,  1882,  by  Mr.  Chamber- 
lain, then  President  of  the  Board  of  Trade,  Mr.  Brady,  the  Channel 
Tunnel   Company's   engineer,   suggested   to   the   chairman,   Sir  E.  W. 
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"Watkin,  that  the  coal  question  could  be  tested  by  himself  with  the  men 
retained  under  him  to  maintain  the  Channel  Tunnel  works ;  and  the  coal- 
boring  was  eventually  authorized  accordingly. 

The  position  of  this  work  is  favourable  for  pit-sinking,  being  on  the 
outcrop  of  the  impermeable  grey  chalk,  west  of  Shakespear  Tunnel, 
Dover,  at  the  point  which  was  selected  as  the  best  site  for  the  Channel 
Tunnel  works  by  Mr.  Brady  in  1874. 

Before  commencing  to  bore,  a  shaft  was  sunk,  for  convenience  in 
handling  the  rods,  from  the  surface  to  sea-level,  a  depth  of  44  feet,  and 
the  bore-hole  was  put  down  from  the  bottom  of  this  shaft.  The  bore-hole 
was  commenced  18  inches  in  diameter,  on  the  percussion  system  of 
boring.  After  passing  through  the  first  seam  of  coal  the  diamond 
boring  system  was  adopted,  the  bore-hole  then  being  9  inches  in  diameter. 
The  last  core  brought  up  from  the  depth  of  2,330  feet  below  the  surface 
was  4  inches  in  diameter.  Specimens  of  the  cores  are  on  the  table, 
from  which  it  will  be  seen  that  in  the  Coal-measures  the  stratification  is 
horizontal. 

As  will  be  seen  by  the  section,  the  depth  from  the  surface  to  the  top 
of  the  Coal-measures  is  1,157  feet,  and  the  bore-hole  below  this  depth 
through  1,173  feet  of  Coal-measures  passed  through  seams  containing 
the  following  thicknesses  of  coal  (omitting  seams  less  than  one  foot  in 


Ft.  In. 

2  3 

2  9 

1  8 

4  0 


thickness)  : — 

Ft.  In. 

l      

...       2     6 

7 

2       

...       2     0 

8 

3       

...       2     0 

9 

4       

...       1     3 

10 

5 

...       1     0 

6       

...       2     6 

Total     21  11 

In  seams  from  2  up  to  4  feet  in  thickness  there  are  18  feet  of 
coal  which  may  fairly  be  considered  workable.  In  addition,  the  seam 
1  foot  8  inches  thick,  is  also  probably  workable.  With  regard  to  the 
question  whether  there  are  likely  to  be  other  seams  below  the  4  feet 
seam,  the  fossil  imprints  brought  up  in  boring  were  submitted  to  Mr. 
Pi.  Zeiller,  Lecturer  on  Vegetable  Palaeontology  to  the  School  of  Mines, 
Paris.  His  report  is  appended  to  this  paper,  and  it  will  be  seen  that 
from  the  presence  of  Xeuropteris  rarinervis  and  Xeuropteris  Schew:hzerih.e 
concludes  that  the  beds  traversed  by  the  boring  belong  to  the  upper 
region  of  the  Middle  Coal-measures.  There  is  therefore  good  reason  to 
anticipate  that  a  very  considerable  thickness  of  productive  Coal-measures 
will  be  found  below  the  4  feet  seam. 
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"With  reference  to  the  question  of  an  original  connexion  between  the 
coal-fields  of  Somerset  and  Belgium,  and  its  probable  course,  Sir  Joseph 
Prestwich,  in  his  report  of  1871  to  the  Coal  Commission,  said  : — 

We  know  that  the  great  original  coal-trongh  has  been  broken  np  into  separate 
basins.  The  direction  of  this  trough  is,  we  think,  likely  to  be  on  a  line  passing 
through  North  Wilts  and  Oxfordshire,  thence  across  Hertfordshire,  South  Essex, 
and  the  north-eastern  extremity  of  Kent  onwards  towards  Calais.  Or,  in  case  of  the 
anticlinal  axis  taking  a  more  southerly  course,  we  should  look  for  the  coal-basin  or 
basins  along  a  line  passing  from  Radstock,  through  the  Vale  of  Pewsey,  and 
thence  along  the  North  Downs  to  Folkestone. 

As  we  have  now  the  evidence  of  numerous  borings  to  prove  the 
existence  of  a  range  of  rocks  older  than  the  Carboniferous  running  east 
and  west  underneath  London,  and  also  know  that  the  horizontal 
character  of  the  seams  found  at  Dover,  together  with  the  clean,  bright, 
and  uniform  quality  of  the  coal,  indicate  a  central  position  in  the  coal- 
basin,  it  will  be  tolerably  safe  to  assume  that  future  coal-explorations 
should  follow  a  nearly  direct  westerly  course  from  Dover  towards  Bristol, 
as  shown  by  a  dotted  line  on  the  accompanying  map  (Plate  XXIX.). 


Particulars  of  Borings  Marked  on  Map  (Plate  XXIX.). 


Dover  Boring. 

Grey  Chalk  and  Chalk  Marl 

Chloritic  Marl        

Gault 

Lower  Greensand,   Wealden  and 

Hastings  Beds 

Upper,  Middle,  and  Lower  Oolites, 

etc. ,  with  Lias  at  'bottom 
Coal-measures   with  8   workable 

seams  2  to '4  feet  in  thickness, 

containing    18   feet    of    bright 

bituminous  coal... 


Calais  Boring. 

Peet. 

Feet. 

174 

Alluvium 

85 

8 

Eocene  Beds 

161 

121 

Chalk 
Gault 

765 
26 

241 

Lower  Greensand  . . . 

65 

Carboniferous 

rocks 

(thickness 

613 

unproved) 

1,173 


2,330 


1,102 


Chatham  Boring. 

Alluvium     ... 
London  Clay,  etc.  .. 

Chalk  

Gault 

Lower  Greensand  ... 

Middle  Oolite  (thickness  unproved ) 


Feet. 

15 

12 

682 

193 

41 


943 


Sheerness  Boring. 

Alluvium     ... 
London  Clay,  etc.... 
Woolwich  and  Reading  Beds 
Chalk  


Feet. 
47 

307 
148 
303 


805 
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Crossness  Boring. 

Alluvium     

Eocene  Beds 

Chalk  

Upper  Greeusand 

Gault 

Old    Red    Sandstone    (thickness 
unproved) 


Feet. 
39 
97 

638 

65 

176 


1,015 


Tttrnford  Boring. 

Alluvium     ... 
London  Clay,  etc. ... 

Chalk  

Upper  Greeusand  ... 

Gault  

Old  Red  Sandstone  (thickness  un- 
proved) 


Feet. 
20 
80 

700 
20 

164 


Ware  Boring. 

Alluvium     

Chalk  

Upper  Greensand 

Gault  

Silurian  rocks  (thickness  unproved) 


984 


Feet. 

14 

544 

77 

160 


795 


Meux's  Boring  (Oxford  Street). 

Feet. 

Alluvium 22 

London  Clay,  etc. .. .         ...         ...       136 

Chalk  ...         ...         ...         ...      655 

Upper  Greensand 28 

Gault  160 

Lower  Greensand  ...         ...         ...        64 

Upper  Devonian  rocks  (thickness 
improved) 


1,065 


Richmond  Boring. 

Alluvium     ... 
Eocene  Beds 

Chalk  

Upper  Greensand 

Gault  

Lower  Greensand  ... 

Lower  Oolite  

Red   rocks    (probably    Devonian) 
(thickness  unproved) 


Feet. 

10 
242 
670 

16 
201 

10 


Btjrford   Boring. 

Great  and  Inferior  Oolite 

Lias  ...         ...         

Rhaetic  Beds 

New  Red  Sandstone 

Carboniferous  rocks 


1,237 

Feet. 
148 
598 
10 
428 
225 

1,409 


The  length  of  unexplored  country  lying  between  Dover  and  the 
great  coal  area,  which  originally  included  the  South  Wales,  Somerset, 
and  Forest  of  Dean  fields,  is  about  160  miles.  The  Carboniferous  rocks 
found  at  Burford  He  too  far  to  the  northward  to  be  taken  into  considera- 
tion in  this  connexion. 

The  horizontal  bedding  of  the  Coal-measures  at  Dover  indicates  that 
the  boring  is  at  some  distance  from  the  great  Palaeozoic  east-and-west 
fracture  which  traverses  Belgium  and  Northern  France,  and  probably 
passes  beneath  the  bed  of  the  Channel  south  of  Folkestone,  in  its  course 
westward  to  the  Mendip  Hills. 

The  Dover  coal  of  the  lower  seams  compares  well  with  thirty-seven 
samples  of  Welsh,  which  were  analysed  for  the  Government  by  Sir  H.  de 
la  Beche  and  Dr.  Lyon  Playfair,  the  following  being  the  comparison  :  — 
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Description  of  Coal. 

Carbon. 

Hydrogen. 

Nitrogen. 

Oxygen. 

Heating 
Power. 

Dover,  coal  in  lower  seams 
Welsh,  37  samples  of  coal  required 
for  Royal  Navy   ...         

83-80 
83-78 

4-65 
4-79 

0-97 
0-98 

3-23 
4-15 

Units. 

14,867 
14,858 

The  comparison  with  Midland  and  North  country  coals  suited  for  the 
Royal  Navy,  and  analysed  by  the  same  two  gentlemen  in  1850,  is  even 
more  favourable,  as  shown  below  : — 


Description  of  Coal. 

Carbon. 

Hydrogen.    Nitrogen. 

Oxygen. 

Heating 
Power. 

Coal  from  Dover  boring 
Newcastle,  18  samples 
Derbyshire  andYorkshire,  7  samples 
Lancashire,  28  samples 

83-80 
82-12 
79-68 
77-90 

4-65         0-97 
5-31          5-31 
4-94          1-41 
5-32          1-30 

3-23 

5-69 

10-28 

9-53 

Units. 

14,867 
14,820 
13,860 
13,918 

The  Secondary  strata  passed  through  before  reaching  the  Coal- 
measures  gave  no  indications  of  the  presence  of  water  in  sufficient  volume 
to  cause  serious  difficulties  in  sinking.  The  impermeable  Grey  Chalk  and 
the  Gault  below  it  appear  to  shut  out  the  sea  effectually  from  the  lower 
beds ;  the  clays  as  a  rule  were  found  to  be  dry,  and  the  sands  solid. 
The  worst  ground  was  met  with  at  a  short  distance  below  the  "Wealden 
Beds. 

A  shaft  17  feet  in  diameter  in  the  clear  was  commenced  on  the  Great 
Fall  by  Mr.  Brady,  and  carried  down  82  feet,  that  is  to  about  40  feet 
below  sea-level,  meeting  with  very  little  water.  The  sinking  of  this 
shaft  is  being  continued  by  the  Kent  Coal-fields  Syndicate,  Ltd.,  who 
are  about  to  commence  immediately  the  sinking  of  a  second  shaft,  20  feet 
in  diameter  in  the  clear,  at  a  distance  of  120  feet  from  No.  1  shaft,  as 
well  as  the  erection  of  plant  and  machinery  for  a  large  output  of  coal. 

APPENDIX  A. — Section  of  Diamond-boring  from  the  Bottom  of  Shaft, 
sunk  44  Feet  to  the  Level  of  High  Water  of  ordinary  Spring  Tides, 
at  Shakespear  Cliff,  Dover. 


No. 


Thiol 

[- 

Depth  from 

Thick- 

Depth from 

ness 

,( 

Bottom 

ness 

of 

Bottom 

3.    Description  of  Strata. 

Strata. 

of  Shaft. 

No.    Description  of  Strata. 

Strata. 

of  Shaft. 

Ft, 

a. 

Ft. 

In. 

Ft. 

In. 

Ft.    In. 

1  Lower  Grey  Chalk  91 

0 

91 

0 

9  Dark     green     and 

2  Indurated    Chalk 

black  silty  sand 

20 

0 

286    0 

Marl      

39 

0 

130 

0 

10  Blue  grey  clay    ... 

17 

0 

303    0 

3  Chloritic  Marl    . 

8 

0 

138 

0 

11  Greensand 

4 

0 

307    0 

4  Light-coloured 

12  Black  sandy  clay 

14 

0 

321    0 

Gault     .. 

48 

0 

186 

0 

13  White    sand    and 

5  Dark  blue  Gault.. 

.  70 

0 

256 

0 

sandstone 

2 

0 

323    0 

6  Sandy  Gault 

3 

0 

259 

0 

14  Dark  grey  laminat- 

7 Sandstone 

5 

0 

264 

0 

ed  silt  and  sand 

37 

0 

360    0 

8  Cherty  limestone 

2 

0 

266 

0 

15  Strong  brown  clay 

19 

0 

379    0 
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No.    Description  of  Strata. 

16  Fine  white  silt    ... 

17  Dark  grey  carbon- 

aceous marl     ... 

18  Black      laminated 

shale 

19  Siliceous  silt 

20  Calcareous  grit   . . . 

21  Silty  clay 

22  Limestone 

23  Calcareous     sand- 

stone    ... 

24  Shale         

25  Limestone 

26  Marl         

27  Compact  limestone 

28  Quartz-pebbles    ... 

29  Marl  

30  Limestone 

31  Siliceous  silt 

32  Dark  grey  clay  . . . 

33  Limestone 

34  Marl         

35  Limestone 

36  Marl         

37  Sandstone 

3S  Marl  

39  Grey  nodular  lime- 

stone 

40  Grey  marl 

41  Calcareous  grit  ... 

42  Compact  grey  sand- 

stone    ... 

43  Oolitic  limestone 

44  Compact  grey  sand- 

stone 

45  Oolitic  limestone 

46  Grey  siliceous  lime- 

stone 

47  Compact  sandstone 
4S  Grey  marl 

49  Compact  grey  lime- 

stone    ... 

50  Brown    calcareous 

sandstone 

51  Shelly   conglomer- 

ate 

52  Dark  grey  marl  ... 

53  Hard     blue    lime- 

stone 

54  Brown  rubbly  sand- 

stone full  of 
brown  polished 
"millet  seed" 
grains     ... 

55  Grey        lenticular 

limestone 

56  Dark     grey    bitu- 

minous clay     . . . 

57  Flaggy  sandstone 

58  Grey  sandy  clay... 

59  Hard     arenaceous 

limestone 


Thick- 

Depth from 

ness  of 

Bottom 

Strata. 

of  Shaft. 

No. 

Ft.  In. 

Ft. 

In. 

1  0 

380 

0 

60 

13  0 

393 

0 

7  0 

400 

0 

61 

6  0 

406 

0 

3  0 

409 

0 

18  0 

427 

0 

62 

2  0 

429 

0 

1  0 

430 

0 

63 

14  0 

444 

0 

64 

1  0 

445 

0 

5  0 

450 

0 

2  0 

452 

0 

65 

1  0 

453 

0 

4  0 

457 

0 

66 

5  0 

462 

0 

6  0 

468 

0 

67 

5  0 

473 

0 

8  0 

481 

0 

68 

4  0 

485 

0 

2  0 

487 

0 

7  0 

494 

0 

69 

3  0 

497 

0 

70 

3  0 

500 

0 

71 

4  0 

504 

0 

1  0 

505 

0 

72 

3  0 

508 

0 

73 

4  0 

512 

0 

74 

7  0 

519 

0 

75 

1  0 

520 

0 

76 

7  0 

527 

0 

77 

8  0 

535 

0 

7> 

2  0 

537 

0 

79 

2  0 

539 

0 

80 

81 

1  0 

540 

0 

82 

83 

2  0 

.342 

0 

84 

1  0 

543 

0 

85 

2  0 

545 

0 

86 

1  0 

546 

0 

87 
88 
89 
90 
91 

12  0 

558 

0 

92 

4  0 

562 

0 

93 

8  0 

570 

0 

) 

2  0 

572 

0 

94 

4  0 

576 

0 

95 

7  0 

583 

0 

,   96 

42    0 
3    0 


6    0 
2    0 


1    0 


1    0 


Thick- 
ness of 

Description  of  Strata.    Strata. 
Ft.  In 

Blackish-grey  bitu- 
minous marl  with 
white  shelly  part- 
ings       ...         ..27 

Grey  nodular  lime- 
stone, partly 
crystalline 

White  coral  rag, 
partly  crystal- 
line 

Clayey  limestone 

Compact  grey  lime- 
stone, partly 
crystalline 

Lenticular  sand- 
stone    ... 

Compact  grey  lime- 
stone    ... 

Brown  lenticular 
sandstone 

Grey  compact  lime- 
stone, partly 
translucent 

Nodular  sandstone 

Crystalline  lime- 
stone    ... 

Arenaceous  lime- 
stone 

Nodular  sandstone 

Grey  earthy  lime- 
stone 

Sandy  marl 

Grey  earthy  lime- 
stone 

Sand}-  marl 

Hard'  grey  earthy 
limestone 

Marly  clay 

Shelly  limestone  . . 

Sandy  clav 

Compact  limestoue    1 

Sandy  clay 

Blue  compact  lime- 
stone    ... 

Sandy  clay 

Grey  arenaceous 
limestone 

Dark  sandy  marl 

Sandstone 

Black  marl 

Sandstone 

Earthy  marl 

Sandstone 
shells     ... 

Brown    sand    and 

earth     ... 
Calcareous     sand- 
stone    ... 
Silty     shale     and 
marl      ...         ...  43    0 

Marly  limestone    .     10 
Laminated  marl...     7    0 


Depth  from 
Bottom 
of  Shaft. 
Ft.     In. 


0    610  0 


2  0   612  0 


15  0 

1  0 

33  0 
7  0 
3  0 

2  0 
0 

3  0 


10  0 

6  0 

2  0 

2  0 

1  0 

5  0 


and 


6  0 
3  0 


654  0 
657  0 


663  0 

665  0 

666  0 

667  0 


672  0 

673  0 


7  0   680  0 


684  0 

685  0 

689  0 

690  0 

705  0 

706  0 

739  0 

746  0 

749  0 

751  0 

752  0 

755  0 

756  0 

759  0 

769  0 

775  0 

777  0 

779  0 

780  0 
785  0 


10   786  0 


790  0 

795  0 

838  0 

839  0 

846  0 
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No. 
97 

98 

99 

100 
101 
102 
103 
104 
105 
106 

107 
108 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 


130 
131 


132 
133 

134 
135 
136 
137 

138 
139 
140 
141 
142 
143 

144 
145 


Thick- 
ness of 
Strata. 
Ft.    In. 


Description  of  Strata. 

Concretionary  rock 
with  broken 
shells     

Dark  grey  hard 
marl      34 

Marly  limestone...     1 

Brown  sandy  marl  22 


Depth  from 

Bottom 
of  Shaft. 
Ft.    In. 


2     0        848     0 


Calcareous  sand 

Renif  orm  sandstone 

Brown  sandy  clay 

Brown  sandstone 

Calcareous  sand ... 

Hard  grey  lime- 
stone    ... 

Calcareous  sand . . . 

Brown  sandstone 

Calcareous  sand  . . . 

Lenticular  sand- 
stone 

Earthy  clay 

Calcareous  sand . . . 

Dark  grey  marl  ... 

Bluish-grey  clay... 

Brown  sand 

Hard  grey  marl  ... 

Shelly  limestone... 

Grey  marl 

Siliceous  limestone 

Sandstone 

Marl  

Shelly  limestone... 

Carbonaceous  marl 

Earthy  limestone 

Marl  

Sandstone 

Oolitic  limestone 

Sandstone 

Whitish  Oolitic 
limestone  with 
shell  fragments 

Marl         

Whitish  Oolitic 
limestone  with 
shell  fragments 

Calcareous  sand... 

Hard  grey  lime- 
stone    ... 

Sand 

Hard  limestone  ... 

Calcareous  sand  . . . 

Dark  grey  lime- 
stone    ... 

Calcareous  sand . . . 

Dark  grey  marl  ... 

Calcareous  grit  ... 

Flaggy  sandstone 

Calcareous  grit  . . . 

Dark  grey  hard 
sandstone 

Hard  grey  clay  ... 

Dark  grey  compact 
limestone 


882  0 

883  0 
905  0 
907  0 

910  0 

911  0 
915  0 
918  0 

921  0 

922  0 
926  0 
929  0 

931  0 

935  0 

938  0 

940  0 

952  0 

953  0 
957  0 
959  0 
963  0 

966  0 

967  0 

968  0 

969  0 

974  0 

975  0 

977  0 

978  0 

986  0 

987  0 


996  0 

998  0 


1,013  0 

1,018  0 

1.032  0 

1.033  0 

1.036  0 

1.037  0 

1.047  0 

1.048  0 
1,053  0 
1,056  0 
1,059  0 
1,063  0 

1,076  0 

1,083  0 


No.    Description  of  Strata. 


146 
147 

148 
149 


Dark  grey  marl ... 

Grey  argillaceous 
limestone 

Marl         

Compact  grey  lime- 
stone    ... 

Marl         


Thick- 
ness of 
Strata. 
Ft.  In. 

1    0 


Depth  from 
Bottom 
of  Shaft. 
Ft.      In. 

1,086 


(I 


Marl 

Compact  grey  lime- 
stone 
Blackish-grey  clay 
Earthy  limestone 


2  0  1,085  0 


162 
163 
164 
165 
166 
167 
168 

169 
170 

171 

172 
173 

174 
175 
176 

177 
178 
179 
180 
181 
182 
183 

184 
185 


186 

187 
188 

189 
190 
191 


1,089 
1,090 


150 

151  Hard  grey  limestone  1    0 

152  Marl         1    0 

153 


1.091  0 

1.092  0 

1.093  0 

1.094  0 


154 

155  Earthy  limestone       1    0 

156  Blackish-grey  clay     6    0 

157  T 
158 
159 
160 
161 


1  0 

1  0 

1  0 

1  0 

1  0 


11  6 
1    0 

11  0 
1  3 
1  0 
1    3 


Limestone 

Marl         

Limestone 

Marl  

Sandstone 

Coa  I  -  measu  res — 

Shale         

Sandstone 

Bind         

COAL      

Sandstone  parting 

COAL      

Clay  with  coal- 
streaks  ... 

Sandstone 

Shale  with  a  little 
coal 

Sandstone  with 
co«Z-streaks     ...  42    0 

COAL      0    6 

Sandstone        with 

6-o«Z-streaks     ...  29    0 

COAL     2    0 

Underclay  ...     1    6 

Shale,  level  bed- 
ded         16    0 

Bind         28    6 

COAL      2 

Bind 

Sandstone 

COAL      1 

Shale         1 

Dark  grey  stony 
bind      ...         ...  47 

Sandstone  ...     4 

Strong  dark  grey 
bind  with  thin 
bands  of  sand- 
stone      38    0 

Blue  bind 12    0 

Dark  grey  bind  ...   11    0 
Fire-clay         with 

some  coal 
Hard  fire-clay     . . . 

COAL     

Dark  grey  sand- 
stone with  coal- 
marks    ... 


1,096 
1,101 
1,102 
1,108 
1,109 
1,110 
1,111 
1,112 
1,113 

1,124 
1,125 
1,136 
1,137 
1,138 
1,140 

1,147 
1,151 


0 

21  0 
11    9 

3 

(i 

0 

G 


1  0 
5  0 
1    0 


6    6   1,157    6 


1.199  6 

1.200  0 


1,229 
1,231 
1,232 

1,248 
1,277 
1,279 
1,300 
1,311 
1,313 
1,314 

1,361 
1,366 


1.404 
1,416 
1,427 

1,428 
1,433 
1,434 


7    0   1,441    0 
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Thick- 
ness of 
Strata. 
Ft.  In. 
15     0 

2    6 
8    6 

5    0 


29 

2 


16    0 


13 
0 
2 

3 
4 

11 
2 

4 


30 
2 


No.    Description  of  Strata. 

192  Dark  shaly  bind 

193  COAL      

194  Fire-clay  and, bind 

195  Dark  stony  bind... 

196  Blackish-grey  sand- 

stone 

197  Dark  grey  jointed 

sandstone    with 
cdrfZ-streaks 

198  Bind,  level-bedded 

199  Sandstone,      with 

(Yw/-streaks 

200  Dark  grey  jointed 

grit        

201  Hard    grey    sand- 

stone with  coal- 
streaks... 

202  COAL      

203  Dark  grey  bind  ... 

204  Sandstone 

205  Bind         

206  Strong   dark   grey 

bind 

207  COAL      

208  Bind         

209  Hard    grey    sand- 

stone with  some 
coaZ-streaks     . . . 

210  Bind         

211  Hard  grey  jointed 

sandstone  with 
coal -streaks      ..  64 

212  Coarse    grey    grit 

with  coa  Z-streaks 

213  Hard  grey  jointed 

sandstone  with 
ct>aZ-streaks     ...  48 

214  Dark    grey    stony 

bind       10 

215  Hard  grey  jointed 

sandstone,  level 
bedded,  with 
roaZ-streaks     ...  24 

216  COAL      2 

217  Hard   dark  under- 

day       

218  Hard    fine-grained 

jointed  sandstone  11 

219  Dark    grey    bind, 

with  clay  part- 
ings      ...         ...   12 

220  Dark        sandstone 

and  bind  ...     4 

221  Dark    grey    silty, 

grained,  foliated 
sandstone,  with 
coaZ-stained  in- 
terbedded  leaves, 
fairly  level  bed- 
ded         32 

222  COAL      1 

223  Hard underclay  ...    3 


Depth  from 
Bottom 
of  Shaft. 
Ft.      In. 

1,456  0 

1,458  6 

1,467  0 

1,472  0 


12  0  1,484  0 


0 


8  0 


3 
2  9 

5  6 


1,513  0 

1,515  0 

1,531  0 

1,536  0 


1,549  0 

1,549  4 

1,551  6 

1,555  0 

1,559  0 

1,570  0 

1,572  3 

1,577  0 


1,607  0 
1,609  0 


1,673  0 

1,681  0 

1,729  0 

1,739  6 

1,763  9 

1,766  6 

1,772  0 

1,783  0 

1,795  0 

1,799  0 


1.831  0 

1.832  0 
1,836  0 


No. 
224 

-•225 

226 
'227 

228 

229 
230 


231 
232 


233 
234 


235 


236 

237 

238 


239 
240 


241 


242 

243 

244 
245 
246 

247 

248 

249 


Thick-  (Depth  from 
ness  of       Bottom 
Description  of  Strata.    Strata,     of  Shaft. 

Ft.   In.    Ft.       In. 
Dark    grey,     fine- 
grained sandstone  5    0    1,841    0 
Strong   dark   grey 
jo  jointed  bind     ...  10 


Dark  grey  clay   ... 

Shale,  bind  and 
clay,  with  streaks 
of  coal  ... 

Dark  jointed  skaly 
bind 

Strong  dark  bind 

Dark  grey  sand- 
stone, with  coal- 
streaks  and  plant 
impressions 

Hard  grey  sand- 
stone    ...         ...     5 

Dark     grey     hard 
|  sandstone,   with 
cortZ-specks  and  a 
few  coal-streaks  14 

Hard  grey  sandstone  9 

Dark  grey  sand- 
stone, with  coal- 
streaks  ... 

Coarse  grey  sand- 
stone, with  coal- 
streaks 

Grey  sandstone, 
with  cvwZ-specks 

Sandy  bind 

Hard  grey  sand- 
stone, with  coal- 
streaks... 

Hard  grey  grit    . . . 

Hard  grey  sand- 
stone, with  coal- 
streaks 

Hard  jointed  grey 
sandstone,  with 
coa  Z-streaks  and 
plant  impres- 
sions 

Dark  grey  bind, 
with  plant  im- 
pressions 

Strong  dark  grey 
clay,  with  plant 
impressions 

Dark  grey  jointed 
sandstone 

Dark    grey    sandy 

bind 
Hard  blackish  fire- 
clay        

Sandy  bind 

Fine  grey  sand- 
stone ... 
Strong  dark  grey 
bind,  level  bed- 
ded, with  plant 
impressions 


1,851 
1,853 


7    0 


1,858 
1,860 


1,867 
1,872 


1,886 
1,895 


1,925 
1,928 


1,943 
1,945 


4    0 


2    0   1,855    0 


6    0   1,901    0 


17    0   1,918    0 


17    0   1,962    0 


21    0   1,983    0 


3    0    1,986    0 


14    0  2,000    0 


2,005 

2,009 

2,013 
2,014 


2    0  2,016    0 


22    0   2,038    0 
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Thick 

Depth  from 

Thiek- 

Depth  from 
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7 
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APPENDIX  B.-THE  FOSSIL  IMPRINTS  OF  THE  DOVER 
COAL-BORING. 


By  R.  Zeilleb, 
Engineer-in-Chief  of  Mines ;  Lecturer  on  Vegetable  Paleontology  to  the  School  of 

Hiines.  Paris* 


It  is  generally  known  that  the  boring  undertaken  at  Dover  by  the  Channel 
Tunnel  Company,  at  the  suggestion  and  under  the  direction  of  Mr.  Francis  Brady, 
engineer  of  that  company,  has  reached  the  Coal-measures  at  a  depth  of  1,157  feet 
(352  metres),  and  it  has  met  in  a  total  depth  of  1,930  feet  (588  metres)  ten  beds  of 
coal,  eight  of  which  are  more  than  one  foot  in  thickness.  These  beds  are  almost 
exactly  horizontal,  which  leads  Mr.  Brady  to  conclude  that  the  Coal-measures 
have  been  struck  in  the  central  part  of  the  basin. 

The  coal  found  in  the  seams  contains,  according  to  analyses  made  by  Mr. 
Watteyne,  Ingenieur  principal  des  Mints  of  Belgium,  25  per  cent,  of  volatile 
matters,  and  partly  resembles  in  composition  the  charbons  gras  of  the  Pas-de- 
Calais,  and  partly  those  of  Wales.  In  spite  of  the  apparent  correspondence  in 
structure  between  some  of  the  sandstones  met  with  in  the  boring  and  those  of  the 
lowest  region  of  the  Coal-measures  of  Belgium,  Mr.  Watteyne  rejects  the  idea  that 
the  Dover  coals  belong  to  the  base  of  the  formation,  on  account  of  their  high  quantity 
of  volatile  matters,  and  Mr.  Brady  for  his  part  sees  in  the  system  traversed  by  the 
boring  the  equivalent  of  all  or  most  of  the  coals  belonging  to  the  upper  division  of 
the  Somerset  basin  ;  that  is  to  say,  the  beds  of  Farrington  and  Radstock. 


Comptes  rendus  des  Academic  de-s  Sciences,  Paris,  1890. 
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As,  however,  the  quality  of  a  coal  in  volatile  matters  does  not  constitute  an 
absolute  criterion  for  the  determination  of  the  level,  these  opinions  could  not, 
without  more  ample  information,  be  accepted  except  with  reserve  ;  but  it  was 
permitted  to  hope  that  amongst  the  vegetable  imprints  collected  in  the  course  of 
the  boring  operations  specimens  would  be  met  with  susceptible  of  furnishing  more 
precise  indications  on  this  important  question. 

These  imprints  having  been  sent  to  me,  thanks  to  Mr.  L.  Breton,  Ingenievr 
Direct eur  of  the  Tunnel  company's  works  at  Calais,  and  to  the  kindness  of  Mr. 
Brady,  the  writer  has  been  able  to  recognize  amongst  them  some  ferns 
which  only  appear  between  well-determined  levels  of  the  Coal-measures,  and 
which  are  consequently  of  a  nature  to  solve  the  problem,  or,  at  least,  to  con- 
fine the  solution  to  extremely  narrow  limits. 

The  levels  where  these  imprints  are  found  are  those  of  1,894  feet  (577  metres) 
below  the  surface  of  the  ground,  1,900  feet  (579  metres)  and  2,038  feet  (621  metres). 
The  boring  is  still  progressing  and  has  actually  attained,  according  to  Mr.  Brady, 
a  depth  of  2,100  feet  (640  metres)  from  the  surface.  The  writer  has  recognized 
the  following  species  :  — 

From  the  level  of  1,894  feet  : — A  fragment  of  fern-frond  with  dentated  pin- 
nulas  and  nervation  approaching  the  type  Odontopteris,  which  the  writer  is 
disposed  to  rank  in  the  genus  Mariopteris,  and  which  resembles  in  a  notable 
degree  the  2Iariopteris  sphenopteroides  Lesq.,  without  being  able  to  positively 
assign  it  to  this  species.  The  specimen  is,  indeed,  too  incomplete  to  be  sus- 
ceptible of  a  precise  determination. 

Neuropteris  ScAeuehzeri  Hoffm.,  represented  by  large  detached  pinnulas. 

Xeuropteris  rarinervis  Bunb.  ;  fragments  of  fronds  well  characterized. 

Neuropteris  tenuifolia  Schloth.  ;  portions  of  fronds. 

Lepidodendron  aculeatum  Sternb.  ;  ramule  identical  with  certain  specimens  of 
the  Valenciennes  basin,  besides  numerous  heart-shaped  grains  {Cordaicarpus)  of 
0*195  to  0-234  inch  (5  to  6  millimetres)  in  height  by  an  equal  width,  very  analog- 
ous to  Cord,  eongruens  Grand'  Eury,  but  with  a  striated  surface.  The  writer  would 
be  disposed  to  assign  them  to  Carpolithes  corculum  Sternb. 

From  the  level  of  1,900  feet : — Xeuropteris  Scheuclizeri,  Xeuropteri*  rarinervis. 
Neuropteris  tenuifolia;  Cyclopteris,  a  fragment;  Calamophyllitcs  Grepperti, 
Ettingsh.  :  a  portion  of  stem  articulated  with  cicatrices  of  leaves,  easily  recogniz- 
able ;  Lepidostrobus  variabilis  Lindl.  and  Hutt ;  Cordaicarpus  cf.  corculum 
Sternb. 

From  the  level  of  2,038  feet : — Xeuropteris  Scheuclizeri :  a  fragment  of  pinnula, 
a  little  uncertain  ;  Lepidodendron  lyeopodioides  Sternb.  :  a  fragment  of  branch, 
rather  badly  preserved  ;  Stigmaria  fieoides  Sternb. 

All  these  species  indicate  the  Coal-measures,  but  the  greater  part  do  not  permit 
of  a  more  precise  reference.  Indeed,  the  Calamophyllites,  Lepidodendron 
Lepidostrobus,  Stigmaria  that  the  writer  has  just  cited,  are  found  indifferently  in 
nearly  the  whole  thickness  of  the  Middle  Coal-measures  and  in  a  part,  at  least,  of 
the  upper  stratum.  The  Xeuropteris  tenuifolia  is  especially  common  in  the 
Valenciennes  basin  in  the  most  elevated  zone,  that  of  the  charbons  gras  and 
tie  mis  of  the  Pas-de-Calais  ;  yet  it  is  observed,  although  rarely,  at  the  base  of  the 
middle  zone  of  the  same  basin  ;  it  will  not  serve,  therefore,  as  a  basis  for  the 
determination  of  level. 

It  is  not  the  same,  fortunately,  with  the  Xeuropteris  rarinervis  and  Neuropteris 
Sclieuchzeri ;  these,  indeed,  have  only  been  observed,  in  America  as  well  as  in 
Eiu'ope,  towards  the  top  of  the  Middle  Coal-measures  or  at  the  extreme  base  of 


272  DISCUSSION — THE  KENT  COAL-FIELD. 

the  Upper  measures.  In  France  they  abound  in  the  upper  zone  of  the  Valenciennes 
basin,  and  they  have  not  been  met  with  below,  except  quite  at  the  summit  of  the 
middle  zone,  and  then  at  one  or  two  points  only. 

In  the  Upper  Coal-measures,  that  is  to  say,  in  the  basins  of  the  centre  and  the 
smith  of  France  they  have  not  been,  so  far  as  the  writer  knows,  observed  anywhere 
even  at  the  lowest  levels.  In  England,  they  appear  common  in  the  Somersetshire 
basin,  in  the  Radstock  and  Farrington  beds,  which  are,  it  seems  a  little  more 
elevated  than  our  grasses  and  flewtes  beds  of  the  Pas-de-Calais,  to  judge  by  the 
greater  proportion  of  species  of  the  upper  coal  which  they  contain.  In  Yorkshire 
also  they  have  not  been  noticed,  except  above  the  middle  of  the  Middle  Coal- 
measures.  In  Staffordshire  the  levels  at  which  they  have  been  met  with  in  the 
Middle  and  Upper  Coal-measures  correspond  with  the  upper  zone  of  the  Pas-de- 
Calais  and  the  zone,  a  little  more  elevated,  of  Farrington  and  Radstock. 

It  may,  therefore,  be  concluded  from  the  presence  of  these  two  species  in  the 
Dover  boring,  that,  as  presumed  by  Mr.  Brady,  the  beds  traversed  by  this  boring 
rightly  belong  to  the  upper  region  of  the  Middle  Coal-measures,  and,  if  one  may 
state  it  more  precisely,  that  they  cannot  be  either  more  recent  than  the  beds  of 
Radstock  in  Somerset  or  more  ancient  than  the  deepest  beds  of  the  upper  zone 
[ckarbons  gras  ct  fienus)  of  the  Pas-de-Calais. 


Mr.  Joseph  Dickinson  said  that  he  was  glad  that  the  author  of  the 
paper  had  referred  to  the  names  of  Mr.  Godwin  Austen  and  Sir  Joseph 
Prestwich.  Sir  Joseph  Prestwich's  section  laid  down  the  line  of  the  coal- 
field to  almost  a  hair's-breadth,  and  the  depth  was  indicated  almost  exactly 
as  proved.  Prof.  W.  Boyd  Dawkins,  whose  name  was  not  referred  to  in 
the  paper,  had  done  so  much  in  enlightening  members  on  the  subject, 
that  they  should  not  pass  it  over  without  mentioning  his  name. 

Mr.  N.  R.  Griffith  said  he  must  apologize  for  the  omission  of  Prof. 
Boyd  Dawkins'  name.  The  omission  was  entirely  his  fault,  as  he  had  pre- 
pared the  paper  from  material  supplied  by  Mr.  Brady.  The  sinking  was 
recommenced  last  week,  it  was  then  about  82  feet,  and  they  were  going 
about  3  feet  a  day. 

The  President  said  he  could  only  wish  success  to  the  company  which 
had  taken  up  such  an  important  position.  From  all  they  had  heard  (and 
they  heard  a  good  deal  several  years  ago)  he  hoped  that  the  development 
of  it  would  prove  lucrative. 

Prof.  H.  Louis  (Newcastle-upon-Tyne),  with  regard  to  the  horizon- 
tality  of  the  stratification,  said  that  he  would  like  to  ask  whether  there 
was  any  survey  made  for  the  determination  of  the  deviation  of  the  bore- 
hole from  the  vertical  ? 
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Mr.  N.  R.  Griffith  said  that,  so  far  as  he  knew,  no  determination 
had  been  made  of  the  verticality  of  the  bore.  He  had  not  attempted  to 
make  any  estimate  of  this  addition  to  their  coal  resources,  but  it  had  an 
important  national  bearing  :  assuming  that  the  coal-field  was  50  miles  in 
length,  4  miles  in  width,  and  the  coal  only  18  feet  thick,  it  would 
supply  30  millions  of  tons  of  fuel  a  year  for  the  next  100  years. 

The  President  moved  a  vote  of  thanks  to  the  writers  of  the  paper, 
and  it  was  cordially  adopted. 


DISCUSSION  UPON  THE  "REPOET  OF  THE  PROCEEDINGS 
OF  THE   EXPLOSIVES  COMMITTEE."* 

Mr.  James  Darlington  asked  how  many  experiments  were  tried  when 
an  ignition  took  place ;  for  instance,  carbonite  and  coal-dust  in  suspen- 
sion fired  in  the  first  instance — were  any  further  experiments  made,  and 
was  there  a  further  ignition  of  dust  ? 

Mr.  A.  C.  Kayll  said  that  the  committee  decided  upon  a  certain 
given  number  of  experiments  to  be  made  in  any  series — say  forty.  When 
the  explosive  ignited,  the  remainder  of  the  experiments  of  that  series  were 
discontinued.  In  the  case  of  carbonite,  it  ignited  at  the  first  shot,  and  it 
was  discarded,  having  been  found  capable  of  igniting  coal-dust. 


The  following  "Notes  on  the  Geological  Features  of  the  Coast  of 
North  Wales,"  by  Mr.  C.  E.  de  Ranee,  were  taken  as  read:— 


*  Trans.  Fed.  Inst.,  vol.  viii.,  pages  227  and  593;  vol.  ix.,  pages  115,  206,  and 
274;  vol.  x.,  pages  38,  197,  492,  and  503;  and  vol.  xi.,  pages  175  and  218, 
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NOTES  ON  THE  GEOLOGICAL  FEATURES  OF  THE  COAST 
OF  NORTH  WALES  FROM  LIVERPOOL  TO  MENAI 
BRIDGE. 

By  C.  E.  De  RANGE,  Assoc.  Inst.  C.E.,  F.G.S.,  of  H.M.  Geological  Survey. 

"Railway  Geology"  has  passed  into  a  well-known  phrase,  but  as 
regards  "  Steamer  Geology  "*  on  the  sea,  the  connexion  seems  less  obvious, 
but  it  occurs  to  the  writer  that  much  of  interest  to  the  geologist  may 
be  observed  in  the  expedition  by  sea  from  Liverpool  to  Menai  Bridge. 

First,  if  the  scenery  visible  be  analysed  and  compared,  it  will  be 
realized  how  false  are  the  popular  notions  of  the  comparative  stability 
of  land  and  water;  the  phrases  "unstable  as  water"  and  "the  everlasting 
hills  "  being  equally  contrary  to  the  geological  continuity  that  has  re- 
sulted in  the  present  position  of  the  Irish  Sea,  and  the  three  great  land- 
masses  seen  on  leaving  Liverpool,  viz.,  the  mountains  of  the  Lake  District 
to  the  north  terminating  with  an  apparently  conical  mountain  called  Black 
Coombe,  the  Pennine  chain  forming  the  backbone  of  England  to  the 
east,  and  the  North  Wales  mountains  culminating  with  Snowdon's  peak 
to  the  south-west,  while,  in  favourable  conditions  of  the  atmosphere,  the 
Isle  of  Man  and  Anglesey  rise  to  a  less  height  on  the  far-off  horizon. 

The  floor  of  land  and  sea  has  for  its  foundation  the  Archaean  rocks, 
some  of  the  oldest  in  the  world :  these  are  seen  near  Bangor  station,  and 
consist  of  greenish  slates  and  hornstone,  and  are  overlain,  as  Prof. 
McKenny  Hughes  has  pointed  out,  by  the  basement-conglomerate  of 
the  Lower  Cambrian  in  the  road  near  the  entrance  to  the  recreation 
ground,  which  is  situated  on  the  overlying  Cambrian  purple  and  green 
mudstones  and  slates.  The  Archaean  beds  referred  to  overlie  micaceous 
and  chloritic  schists,  traversed  by  granite-veins  and  masses ;  these  are 
well  seen  near  Beaumaris,  but  also  occur  near  Bangor,  and  with  the 
overlying  hornstones,  etc.,  form  the  Bangor  Beds  of  Prof.  McKenny 
Hughes,  being  the  Upper  Pebidian  of  Dr.  Hicks. 

The  Cambrian  rocks  are  not  less  than  35,000  feet  thick  in  North 

Wales,  they  contain  the  celebrated  Llanberis  Slates,  which  have  been 

worked  as  early  as  the  twelfth  century,  the  Penrhyn  quarries  being  no 

less  than  500  feet  in  depth ;  the  planes  of  division  are  true  cleavage 

induced  by  pressure,  whilst  the  dip  of  the  measures  is  only  obscurely 

shown  by  the  green  stripe  on  the  face  of  the  purple  slate.     Occasionally 

*  These  notes  were  written  (at  the  request  of  the  secretary)  to  illustrate  an 
excursion  of  the  members  of  the  Institute  from  Liverpool  to  Menai  Bridge. 
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these  are  found  to  be  beautifully  rippled  by  the  action  of  currents, 
whether  of  wind  or  water  is  somewhat  uncertain,  no  fossils  having  been 
as  yet  discovered  in  them,  save  a  few  traces  of  marine  worms  :  now  and 
then  the  stripe  is  found  to  be  faulted  a  few  inches,  and  these  are  some- 
times reversed  faults,  which  invariably  are  found  to  be  "faulted  faults," 
as  probably  are  those  occurring  in  other  strata  and  on  a  larger  scale. 

Above  these  rocks  occur  the  Ltngula  Flags,  which  are  seen  near 
Bangor,  and  further  south  contain  gold  veins.  In  the  Cambrian  period 
marine  shells  point  to  marine  conditions,  sand  and  mud,  sun-cracks  and 
raindrops  (fossilized)  to  the  sea  being  shallow.  The  sediments  were  derived 
from  old  land  to  the  north,  where  the  Irish  Sea  now  is,  volcanic  activity 
increased,  and  volcanoes  existed,  rivalling  Etna  in  height,  from  which 
ashes  were  blown  by  the  westerly  winds  towards  the  east.  The  overlying 
Bala  or  Caradoc  beds  mainly  form  the  mountain-masses  of  Snowdon, 
Carnedd-Llewelyn,  and  others  of  the  wildest  and  grandest  in  North  Wales, 
and  often  they  are  the  roots  of  old  volcanoes  which  have  been  uplifted 
to  their  present  height  long  after  they  ceased  to  be  in  active  operation. 

In  the  Lake  District,  the  Cambrian  and  Lower  Silurian  rocks  occur, 
with  slates  less  perfectly  cleaved,  the  oldest  rock  being  the  Skiddaw  Slates, 
which  form  the  mass  of  Black  Coombe,  the  westernmost  visible  moun- 
tain in  the  Lake  District  panorama  as  seen  from  the  south.  The  Archaean 
rocks  have  not  been  identified,  and  the  Cambrians  in  this  area  are  the 
oldest ;  the  Bala  Beds  of  Xorth  YVales  have  the  same  group  of  fossils  as 
the  Coniston  Series  of  the  Lake  District,  and  there  can  be  no  doubt  that 
iu  Cambrian  times  the  sea  extended  across  the  Irish  Sea  to  the  whole 
of  the  Cumbrian  area  and  into  Scotland. 

In  Flintshire,  the  slope  fringing  the  estuary  of  the  river  Dee  consists 
of  Middle  Coal-measures,  overlying  cherts  of  Millstone  Grit  age,  resting 
on  the  Carboniferous  Limestone,  forming  a  well  marked  headland  at 
Prestatyn,  and  runs  up  both  sides  of  the  Yale  of  Clwyd. 

In  Denbighshire,  the  hills  forming  the  sky-line  from  the  entrance 
of  the  Yale  of  Clwyd  to  that  of  the  Yale  of  Conway  consist  of  Silurian 
Denbighshire  Grits.  These  are  overlain  by  the  Carboniferous  Lime- 
stone, which  forms  a  second  parallel  terrace  nearer  the  sea,  and  is  well 
seen  from  Abergele  to  Penman  Ehos.  The  limestone  forms  fine  out- 
liers, such  as  Penmaen  Ehos,  the  Great  Ormes,  and  Little  Ormes  Head. 
The  copper  ore  anciently  worked  at  Llandudno  occurred  at  the  base  of 
the  limestone  at  its  junction  with  the  Silurian  floor  beneath. 

Manganese  and  haematite  occur  in  a  conglomerate-bed  in  several  places 
at  the  base  of  the  limestone ;  the  ore  appears  to  be  a  pseudomorph  after 
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a  calcareous  setting  of  the  pebbles,  which  consist  of  a  pale  green  Silurian 
sandstone  :  many  of  these  occur  on  the  beach  at  Abergele,  being  brought 
by  underground  streams  through  the  hills.  On  clear  days  the  entrance 
to  the  caves  there  can  be  seen  at  a  considerable  distance  from  the  land. 

In  Anglesey,  faults  have  preserved  a  patch  of  Carboniferous  lame- 
stone  and  some  true  Coal-measures ;  the  latter  reach  1,309  feet  in 
thickness,  with  seven  coal-seams  (one  being  9  feet  in  thickness)  ;  200 
feet  of  yellow  sandstone  and  conglomerate  (Millstone  Grit)  lies  beneath, 
and  then  comes  450  feet  of  Carboniferous  Limestone.  The  beds  are 
thrown  in  by  a  fault  of  203  feet ;  it  extends  from  Hirdre-faig  to  Mall- 
draeth  Bay. 

Looking  eastward,  from  Liverpool  bay,  the  Pennine  hills  rise  to  more 
than  2,000  feet,  and  consist  of  Carboniferous  strata,  newer  than  the 
Mountain  Limestone,  of  no  less  than  8,000  feet  in  thickness,  while  the 
Coal-measures  above  them  attain  the  same  thickness.  It  is  worthy  of 
note  that  when  the  Carboniferous  Limestone  was  deposited  in  a  sea 
which  stretched  from  Anglesey  to  Grange  and  beyond,  not  one  foot  of 
the  16,000  feet  of  Upper  Carboniferous  strata  had  been  deposited  in 
Lancashire:  it  is  probable  that  land,  estuaries,  and  lagoons  covered  the 
whole  of  the  area  lying  between  the  Anglesey  and  Lancashire  coal-fields, 
and  from  what  the  writer  has  seen  of  the  Whitehaven  and  Kilkenny 
coal-fields,  there  is  little  doubt  that  they  were  more  or  less  continuous, 
though  it  is  improbable  that  individual  coal-seams  extended  far. 

The  slopes  between  the  Pennine  hills  and  the  coast-margin  of  Lan- 
cashire consist  of  the  Triassic  rocks,  which  in  this  county  and  that  of 
Chester,  here  reach  their  maximum  amount  of  sedimentation,  being 
nearly  5,000  feet  thick.  These  rocks  do  not  occur  in  North  Wales,  except 
in  the  Yale  of  Clywd.  where  they  overlie  a  concealed  coal-field,  proved  by 
a  deep  boring  at  Rhyl,  but  it  is  probable  that  the  more  productive  part 
lies  under  the  sea,  north  of  that  town. 

It  is  worthy  of  note  that,  except  at  Heysham  Point,  near  Morecambe, 
where  the  Midland  Railway  have  just  obtained  powers  to  make  a  new 
port,  rock  of  any  age  never  forms  the  coast-line,  which  is  either  blown 
sand  raised  by  the  wind  into  dunes,  or  glacial  drift  deposits,  formed  during 
the  passage  of  an  ice-sheet,  entirely  filling  up  the  whole  of  the  Irish  Sea, 
as  far  as  Anglesey.  The  Cheshire  coast  of  Wirral  also,  except  at  the 
"Red  Noses,"  at  the  mouth  of  the  Mersey,  is  entirely  composed  of  drift. 
The  sandhills  at  Leasowe  lighthouse  and  westward  to  the  Dee  at  West 
?  Kirby  are  underlain  by  peat,  resting  on  a  grey  clay ;  trees,  with  their 
roots  implanted,  which  occur  beneath  these,  are  seen  extending  out  to 
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low  water,  and  at  Birkdale  (Lancashire)  they  have  been  proved  to 
occur  70  feet  below  high-water  mark ;  when  the  present  sea-bottom 
was  land  and  trees  grew  on  it,  there  was  a  communication  with 
the  Isle  of  Man  and  Cumberland,  and  this  at  a  period  since  man's 
advent  into  Lancashire.  On  the  other  hand,  the  old  valleys  of  the 
rivers  Dee  and  "Weaver  have  been  proved  by  borings  to  have  been  200 
feet  higher  above  sea-level,  at  the  period  before  the  ice-sheet  overspread 
the  Irish  Sea,  than  they  are  at  present.  Whether  the  weight  of  the  ice- 
sheet  caused  the  depression  is  a  matter  of  interest ;  at  any  rate  all  the 
facts  adduced  from  the  long  vista  of  the  past  point  to  a  succession  of 
oscillations  in  level. 


The  President  moved  that  a  hearty  vote  of  thanks  be  accorded  to 
the  owners  of  works  opened  to  the  inspection  of  the  members  during  the 
course  of  the  meeting,  to  the  Coal-owners  of  South-west  Lancashire,  to 
the  Governors  of  the  Mining  School  for  their  kindness  in  allowing  the 
use  of  the  school  for  the  meeting,  and  to  Mr.  Henry  Hall  and  Mr.  John 
Knowles  for  the  trouble  that  they  had  taken  in  making  the  arrangements 
requisite  for  the  meeting. 


Mr.  Joseph  Dickinson  proposed  a  vote  of  thanks  to  the  President 
for  his  services  in  the  chair,  which  was  cordially  agreed  to. 


The  following  notes  record  some  of  the  features  of  interest  seen  by  the 
visitors  to  collieries,  which  were,  by  kind  permission  of  the  owners,  open 
for  inspection  during  the  course  of  the  meeting  on  July  14th,  loth,  and 
16th,  1896  :— 
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PARK    COLLIERIES. 

The  No.  1  pit  is  13  feet  in  diameter  and  135  feet  deep  to  the  Wigan 
0  feet  mine;  the  Wigan  4  feet  mine  is  also  worked  at  this  pit  The  hori- 
zontal winding-engine  has  two  cylinders,  each  16  inches  in  diameter  and 
3  feet  stroke,  and  is  fitted  with  a  drum  7  feet  in  diameter.  The  haulage 
is  on  the  endless-rope  system,  worked  by  an  engine  placed  aboveground. 
At  the  bottom  of  this  pit  is  a  double-acting  pump  (5  inches  in  diameter) 
which  supplies  the  water  to  the  slack-washer.  The  coal  is  passed  over 
fixed  screen-bars,  and  is  picked  on  travelling-belts  made  of  steel-plates. 

The  No.  2  pit  is  14i  feet  in  diameter  and  954  feet  deep  to  the  Arley 
mine  ;  the  Orrell  5  feet  or  Rushy  Park  seam  is  also  worked.  The  hori- 
zontal winding-engine  has  2  cylinders  each  2G  inches  in  diameter  and 
-H  feet  stroke,  and  is  fitted  with  a  drum  16  feet  in  diameter.  The 
haulage  is  on  the  endless-rope  system,  and  is  worked  by  a  hauling- 
engine  on  the  surface.  The  coal  is  screened  by  "shakers,"  which 
separate  the  coal  from  each  mine  into  three  sizes. 

The  No.  3  pit  is  the  upcast  shaft  for  Nos.  1  and  2  pits ;  it  is  14|  feet 
in  diameter  and  954  feet  deep.  The  horizontal  winding-engine  has 
2  cylinders,  each  18  inches  in  diameter  and  3  feet  stroke,  and  is  fitted 
with  a  drum  8  feet  in  diameter. 

The  mine  is  ventilated  by  a  Walker  fan,  24  feet  in  diameter,  fitted 
with  the  A -shutter.  The  fan  is  driven  by  a  horizontal  compound  con- 
densing engine  :  the  high-pressure  cylinder  is  22  inches  in  diameter,  the 
low-pressure  cylinder  38  inches  in  diameter  and  4  feet  stroke.  A  pulley, 
16  feet  in  diameter,  on  the  engine-shaft  transmits  the  power  by  15  cotton 
ropes  to  a  pulley  7  feet  in  diameter  on  the  shaft  of  the  fan.  A  Hall 
ventilation-recorder  is  placed  in  the  manager's  office,  and  is  connected 
with  the  fan-drift.  The  fan  is  capable  of  passing  300,000  cubic  feet  of 
air  per  minute  at  a  water-gauge  of  6  inches. 

The  hauling-engine  is  compound  and  condensing,  with  a  high-pressure 
cylinder  20  inches  in  diameter  and  a  low-pressure  cyliuder  36  inches  in 
diameter  and  4  feet  stroke.  The  two  haulage-ropes  are  carried  on  taper- 
tread  pulleys  on  the  third -motion  shaft,  which  is  geared  down  as  7  to  1. 
The  rope-pulleys  are  fitted  with  clutch  arrangements,  so  that  either  rope 
can  be  thrown  in  or  out  of  gear  as  required.  Both  ropes  pass  down  the 
No.  3  pit. 

In  the  boiler  house  are  four  Lancashire  boilers,  each  30  feet  long  and 
8  feet  in  diameter,  blowing-off  steam  at  a  pressure  of  100  lbs.  per  square 
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inch.  At  the  back  of  the  boiler-house  is  a  Green  economizer  containing 
256  pipes. 

The  slack-washer  is  of  the  trough-type,  and  has  a  capacity  of  about 
200  tons  per  day. 

There  are  carpenters'  shops,  wagon-painting  and  repairing  shop, 
smithy  with  a  small  steam  hammer,  stables,  etc. 

About  800  safety-lamps  of  the  Marsaut  type  are  in  use. 


MOSS  HALL  COAL  CO.,  LIMITED,  MAYPOLE  SINKING. 

The  Maypole  sinking  of  the  Moss  Hall  Coal  Company,  Limited,  is 
a  new  winning  and  extension  of  their  present  coal-field  in  a  southerly 
direction  beyond  a  fault  of  5-10  feet,  the  boundary  of  their  present  work- 
ings. This  fault  throws  480  feet  of  red  sandstone  into  the  present 
sinking-shafts. 

The  works  were  commenced  about  fifteen  months  ago.  They  consist 
of  a  brickworks  with  drying-sheds,  kilns,  and  a  plant  capable  of  making 
12,000  pressed  bricks  per  day. 

The  No.  1  pit  is  sunk  down  and  bricked  to  a  depth  of  about  400  feet, 
and  has  about  90  feet  further  to  go  before  it  passes  through  the  red  rock. 

At  the  present  time  60,000  gallons  of  water  per  hour  is  being  pumped 
by  a  Hathorn-Davey  pumping  engine  of  the  bull  type,  with  a  steam 
cylinder  70  inches  in  diameter  and  8  feet  stroke  and  beam  underneath. 
Coupled  to  this  is  a  ram  24  inches  in  diameter  and  10  feet  stroke,  with 
a  steel  rising-main  20  inches  in  diameter.  There  are  two  sets  of  spears, 
a  spare  set  to  be  coupled  up  to  another  ram  to  pump  to  the  present  ram 
when  the  water-bearing  strata  are  passed  through.  The  present  ram  is 
pumping  out  of  lodges  at  a  depth  of  348  feet. 

A  Pearn  pump  is  fixed  at  a  depth  of  348  feet  with  two  steam 
cylinders  24  inches  in  diameter  and  rams  10  inches  in  diameter  and  18 
inches  stroke. 

Two  Evans  Cornish  sinking-pumps  are  slung  from  the  surface  ;  they 
have  steam  cylinders  24  inches  in  diameter  and  rams  12  inches  in 
diameter  and  24  inches  stroke.  The  slings  consist  of  steel  rods  3^  inches 
in  diameter  in  10  feet  lengths,  raised  or  lowered  with  a  screw  5h  inches 
in  diameter  worked  by  two  pairs  of  self-contained  engines  with  steam 
cylinders  10  inches  in  diameter  and  9  inches  stroke,  and  all  the  connex- 
ions are  put  on  at  the  surface.  The  sinking  to  the  present  depth  has 
been  done  with  the  sling-pumps  dealing  with  the  water. 
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The  winding-engine  for  sinking  this  pit  has  two  steam  cylinders 
24  inches  in  diameter  fitted  with  Cornish  valves  and  a  drum  10  feet  in 
diameter  ;  they  are  geared  3|  to  1,  and  Elliott  locked-coil  ropes  are  in 
use. 

The  No.  2  pit,  126  feet  deep,  is  standing  at  present ;  it  was  sunk  to 
this  depth  with  a  self-coutained  Dunlop  engine.  The  permanent  wind- 
ing engine  has  two  steam  cylinders,  each  33  inches  in  diameter  and  6  feet 
stroke,  fitted  with  Cornish  valves  ;  the  drum  is  15  feet  in  diameter. 
The  further  sinking  of  this  shaft  will  be  effected  with  these  engines. 

There,  are  six  double-flued  Lancashire  boilers,  each  30  feet  long  and 
8  feet  in  diameter,  working  at  a  pressure  of  100  pounds  per  square  inch. 
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APPENDICES. 


I.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


TRINIDAD   ASPHALT. 

Trinidad  Asphalt.     By  Otto  Lang.     Oesterreichische  Zeitschrift  fur  Berg-  und 
Hiittenwesen,  1895,  vol.  xliii.,  pages  667-673,  ivith  figures  in  the  text. 

The  author  refers  first  of  all  to  the  untenable  hypothesis  contained  in  Messrs. 
Wall  and  Sawkins'  official  report,  that  the  asphalt-deposits  were  being  perpetually 
re-stocked  by  the  continuous  transformation  of  wood  into  asphalt,  and  very  justly 
points  out  that,  if  such  an  hypothesis  were  admissible,  we  ought  to  find  extensive 
asphalt-deposits  in  all  tropical  countries.  He  then  summarizes  briefly  the  main 
points  of  the  accounts  furnished  by  Messrs.  Anderson  (1789),  Nugent  (1807),  and 
Manross  (1855),  taking  as  the  real  basis  of  the  paper  under  review  the  memoir 
written  by  Mr.  S.  F.  Peckham,  of  Michigan  University.*  This  observer's  long 
experience  of  asphalt-deposits  elsewhere,  especially  those  of  California,  gives  to  his 
description  additional  authority  and  value. 

On  landing  near  La  Brea  (hrea  is  the  Spanish  word  for  pitch),  it  is  noticeable 
how  the  asphalt  is  in  slow  and  continuous  movement  seawards,  being  in  that  and 
in  other  respects  comparable  to  a  glacier.  As  soon  as  a  shaft  is  dug,  it  begins  to 
fill  up  again  with  asphalt  rising  from  the  bottom,  as  well  as  pressing  in  from  the 
sides.  When  the  tropical  jungle  growing  on  the  asphalt  catches  fire,  the  surface  of 
the  latter  is  coked  into  "  iron  pitch,"  being  deprived  of  its  volatile  and  hydrating 
constituents.  This  "iron  pitch,"  which  differs  much  in  appearance  from  the 
original  asphalt,  and  occurs  only  in  comparatively  small  quantities,  has  to  be  care- 
fully sorted  out  before  shipping  the  asphalt  or  sending  it  to  the  boilers. 

The  area  of  the  great  lake  is  estimated  at  994  acres,  but  the  luxuriance  of  the 
jungle-growth  appears  to  stand  in  the  way  of  absolutely  exact  measurements. 

Judging  from  the  earlier  descriptions,  the  asphalt  has  become  harder  and  more 
stable  within  the  last  106  years.  But  so-called  "blow-holes  "  occur  on  the  edges  of 
the  lake,  giving  vent  to  fluid,  lustrous  black  bitumen,  and  it  may  be  from  one  of 
these  that  Mr.  Nugent  was  enabled  to  "fill  asphalt  into  tumblers"  in  the  year 
1807.  The  irregularity  of  the  areas  of  asphalt,  into  which  the  lake  is  divided  by 
fissures  may  be,  in  part,  traced  to  the  weight  and  pressure  of  the  water  acting  against 
their  sides  ;  their  surfaces  are  slightly  domed,  and  the  edges  are  sharply  angular. 
The  bitumen  has  been  so  permeated  and  swollen  up  by  gases  that,  when  fractured, 
it  presents  much  the  appearance  of  an  over-ripe  cheese.  Gas  is  continually  rising 
to  the  surface  and  finding  its  way  out  into  the  surrounding  atmosphere  ;  its  volume 
is  estimated  to  be  between  a  third  and  a  half  of  that  of  the  asphalt  lake. 

The  asphalt  is  believed  by  Mr.  Peckham  to  be  a  result  of  the  distillation,  during 
Pliocene  and  post-Pliocene  ages,  of  the  Miocene  lignites — at  comparatively  low 
temperatures.     There  was,  no  doubt,  a  kind  of  fermentation  going  on  in  the  lignite 

*  American  Journal  of  Science,  July,  1835. 
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itself,  and  thermal  waters  containing  a  large  percentage  of  silica  played  a  consider- 
able part  in  the  process  of  distillation.  The  author,  however,  objects  that  tropical 
plants  would  not  furnish  sufficient  resin  to  make  asphalt,  further  that  natural  bitu- 
men is  not  usually  associated  with  lignite-deposits,  and,  lastly,  that  plant-remains 
could  hardly  be  preserved  unaltered  while  such  a  process  of  distillation  was  going 
on  in  their  immediate  vicinity. 

Referring  once  more  to  Messrs.  Wall  and  Sawkins'  hypothesis,  no  wood  has 
been  found  in  Trinidad  in  process  of  conversion  into  asphalt ;  indeed,  the  people 
who  work  the  deposits  say  that  wood,  so  far  from  decomposing  in  the  asphalt. 
comes  out  of  it  just  as  it  went  in.  It  is  true  that,  in  certain  shafts,  masses  of 
organic  matter  (humus)  occur,  which,  according  to  the  workpeople,  become  in  time 
part  and  parcel  of  the  bitumen. 

The  commonly  assumed  distinction  in  Trinidad  between  land-asphalt  and  lake- 
asphalt  is  asserted  to  be  a  false  one.  A  line  of  rails  laid  on  palm-leaves,  some  of 
which  are  25  feet  in  length,  conveys  carts  for  loading  the  asphalt  to  and  fro  on  the 
lake.  The  use  of  timber  sleepers  and  palm -faggots  had  to  be  abandoned,  as  in 
time  they  sank  through  the  asphalt,  and  no  cart  may  stop  many  hours  in  the  same 
position  without  the  risk  of  being  engulphed.  The  line  of  rails  describes  a  circle 
round  the  central  group  of  islands,  which  are  possibly  fragments  of  a  crater- 
edge  floating  on  the  asphalt.  In  depth  the  lake  is  an  inverted  cone,  and  is  supposed 
to  be  the  crater  of  an  ancient  mud-volcano.  0.  S.  E. 


COAL-FIELDS  OF  JAPAN. 

Coal  Supply  of  Japan.     Anon. 

The  important  question  regarding  the  coal  industry  of  Japan  is  whether  the 
collieries  of  the  country  can  continuously  supply  the  increasing  demand  for  coal. 
This  problem  can  only  be  solved  after  comparing  the  demand  with  the  supply, 
and  a  careful  study  of  the  mines  themselves. 

The  following  table  shows  the  annual  production  of  coal  since  1888  :  — 

Year.  Production. 

Tons. 


1888 


2,022,968 


1889       2,388,614 

1890       2,608,284 

1891       3,037,288 

1892       3,1/5,670 

The  production  of  coal  has  increased  annually,  and  the  average  of  the  last  five 
years  shows  an  increase  of  285,675  tons. 

The  consumption  of  coal  may  be  divided  under  two  heads,  viz.,  for  home 
consumption  and  export,  as  follows :  — 


Year. 

Export. 

Inland  Use. 

Total. 

Annual  Increment. 

Tons. 

Tons. 

Tons. 

Tons. 

1888 

975,290 

7,085,704 

2,060,994 

— 

1889 

1,053,822 

1,163,289 

2,217,111 

156,117 

1890 

1,214,572 

1,430,252 

2,644,824 

427,713 

1891 

1,239,821 

1,583,803 

2,823,624 

178,800 

1892 

1,299,351 

— 

— 

— 

Mean      ...  —  —  2,436,638  254,210 
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The  consumption  is  increasing,  and  the  time  when  the  inland  demand  will 
reach  3,000,000  tons  annually  is  not  far  distant. 

Although  there  are  many  coal-fields  in  Japan,  those  of  Kiushiu  and  Hokkaido 
only  are  worthy  of  consideration,  as  a  source  from  which  to  obtain  a  large  supply. 
There  is  an  anthracite  coal-field  in  Honshiu,  and  a  brown  coal  at  Atsusa,  in  Nagato, 
the  Shiramizu  coal-field  extending  over  Iwaki  and  Hitachi,  the  Aburato  coal-field 
in  Wuzeu,  etc.,  are  fully  well  known;  but  the  use  of  anthracite  is  somewhat 
limited,  while  the  other  coals,  being  inferior  in  quality,  can  scarcely  supply  the 
demand  of  the  neighbourhood. 

The  number  of  concessions  for  coal-mining  is  1,434,  extending  over  110,834,148 
tsubo  (1  tsubo  =  6  shaku  square)  in  area,  which  amount  to  550,000,000  tons  of  coal,  if 
the  average  reserve  of  the  coal-fields  be  estimated  at  a  rate  of  5  tons  per  tsubo. 
But  this  cannot  be  accurate,  since  the  extension  of  the  mining  concessions  does 
not  represent  the  proper  area  of  the  coal-deposits. 

Of  the  numerous  coal-mines,  there  are  only  49  which  produce  annually  over 
10,000  tons  of  coal ;  the  total  production  of  coal  from  these  mines  in  1891  amounted 
to  2,275,617  tons  or  74  per  cent,  of  the  production,  and  in  1892  their  output 
amounted  to  2,509,055  tons  or  79  per  cent,  of  the  production. 

The  following  table  contains  the  names  of  the  collieries  producing  30,000  tons 
or  more  of  coal  per  annum  : — 


Collieries. 

Provinces. 

Production. 

1891. 

1892. 

Tons. 

Tons. 

Miike         

...     Chikugo 

593,259 

481,191 

Takashima 

...     Hizen    ... 

100,717 

181,904 

Horonai    ... 

...     Ishikari 

144,038 

134,689 

Nakanoshima 

...     Hizen    ... 

138,960 

160,849 

Namazuta 

...     Chikuzen 

87,169 

125,624 

Otsuji 

...     Chikuzen 

74,930 

72,972 

Sorachi 

...     Ishikari 

61,528 

107,731 

Akaike 

...     Buzen    ... 

58,810 

56,351 

Arate 

...     Chikuzen 

57,292 

51,601 

Daijo 

...     Chikuzen  and  Buzen  ... 

56,092 

48,285 

Shinniwa  ... 

...     Chikuzen 

48,643 

125,474 

Minezi 

...     Buzen    ... 

46,800 

59,950 

Shakanoo  ... 

...     Chikuzen 

45,148 

45,073 

Ikushunbetsu 

...     Ishikari 

43,726 

50,416 

Dainouura 

...     Chikuzen 

36,096 

50,472 

Katsuno 

...     Chikuzen 

35,408 

43,431 

Ariho 

...     Nagato  ... 

33,672 

— 

Takao 

...     Chikuzen 

30,393 

38,684 

Hashima  ... 

...     Hizen     ...         ...         

30,201 

51,213 

Hoshii  (Hokoku) 

12,827 

50,393 

Sasanotaira 

...     Iwaki    ... 

— 

34,264 

Of  the  mines  in  this  table,  Nakanoshima  has  stopped  work  this  year,  and 
Takashima  has  fallen  in  its  productive  power.  Most  of  the  coal-mines  were 
started  between  1887  and  1890,  the  period  during  which  the  so-called  "coal-fever" 
prevailed  in  the  country.  All  deposits  of  coal  which  promised  profit  have  been 
opened  since  that  time,  while  those  which  were  hopeless  of  yielding  any  profit  have 
been  left  unworked  even  up  to  the  present. 

In  estimating  the  future  supply  of  coal,  the  conditions  of  each  coal-field  must 
be  examined  separately.     There  are  only  two  or  three  collieries  where  the  coal- 
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reserves  have  been  hitherto  calculated.     The  coal  reserve  of  other  collieries  should 
be  estimated  from  their  present  condition  and  the  nature  of  the  deposit. 

Kiushiu  Coal-field. 

1 .  Miike  Coal-field.  — The  area  of  this  field  is  very  large,  extending  over  more  than 
3,000  cho  (9,000,000  tsubo).  There  are  two  workable  coal-seams,  6  feet  and  8  feet 
in  thickness.  The  amount  of  coal-reserve  in  these  beds  is  estimated  at  more  than 
150,000,000  tons,  all  beds  which  are  situated  within  1,500  feet  below  the  surface  being 
included.  This  is  the  largest  coal-field  in  Japan,  and  the  mining  arrangements 
are  efficient.  The  coal  is,  however,  too  bituminous,  the  sulphur  it  contains  is 
remarkable,  and  makes  it  unfit  for  use  in  ironworks.  The  overlying  strata  are 
composed  of  gravels  and  sand,  and  the  quantity  of  water  percolating  through  the 
porous  roof  of  the  whole  district  is  enormous.  When  the  sinking  of  the  drainage 
shaft  at  Katsutate,  with  pumping  machinery,  is  completed,  the  drainage  of  this 
deposit  will  no  longer  be  difficidt.  At  present  this  colliery  can  produce  700,000 
tons  per  year,  but  it  is  questionable  whether  it  can  continue  this  large  production 
for  many  years. 

2.  Takashima  Coal-field. — The  coal-seams  found  in  the  islets  situated  at  the 
entrance  to  Nagasaki  Bay,  i.e.,  Takashima,  Hashima,  and  Nakanoshima,  are  very 
thick  and  produce  coal  of  the  best  quality.  Their  extent,  however,  is  very 
limited.  While  Takashima  has  been  exhausted  except  a  portion  of  Hiakuma, 
Nakanoshima  has  been  drowned  by  the  sudden  breaking  in  of  the  sea ;  and  the 
mines  worked  at  present  are  therefore  Hashima  and  Hiakuma  in  Takashima  only. 
The  production  of  these  two  mines  is  about  100,000  tons  per  year,  and  this 
quantity  will  not  continue  for  long. 

3.  Hizen  Coal-field. — Except  Takashima,  there  is  scarcely  a  coal-field  in  Hizen 
promising  any  hope.  The  colliery  in  Matsushima,  in  spite  of  its  reserve  of  over 
5,000,000  tons  of  coal,  has  already  been  abandoned  on  account  of  flooding, 
although  200,000  yen  had  been  expended  in  the  works.  At  Karatsu,  in  the 
Matsu-ura  country,  there  are  two  workable  coal-seams,  3  feet  and  8  feet  in 
thickness.  The  seams  are  dislocated  by  many  faults  and  broken  up  into  small 
divisions,  and  only  few  mines  are  being  worked.  The  Kishiyama  and  Mutabe 
are  good  mines  in  this  district,  and  can  together  produce  about  100,000  tons 
yearly.  Takuhara  colliery  in  the  same  district  will  also  produce  50,000  tons. 
The  collieries  in  Kineshima  will  considerably  increase  their  output  in  future, 
although  insignificant  at  present.  Besides  those  mentioned,  there  are  coal-fields 
in  Higashimatsu-ura,  Nishimatsu-ura,  Kitamatsu-ura,  Kineshima,  Koshiro, 
Higashihiki,  Nishihiki,  etc.,  but  almost  all  of  them  promise  but  little.  About 
30,000  tons  of  coal,  produced  in  these  collieries,  is  at  present  exported  from 
Nagasaki  by  Chinese  merchants  as  "  mixed  coal,"  to  meet  the  demands  of  the 
total  production  of  inland  China,  while  the  remaining  portion  of  it  is  mostly 
utilized  for  salt-making  and  other  industries. 

4.  Amakusa  Coal-fields. — The  coal-seam  found  in  this  island  is  3  to  4  feet  in 
thickness.  The  quality  of  the  coal  is  very  good,  the  extent  is  very  limited,  in 
consequence  of  which  a  larger  production  than  at  present  can  by  no  means  be 
expected. 

5.  Chikuho  Coal-field.  — Chikuho  coal-field,  in  the  prefecture  of  Fukuoka,  is 
extensive,  and  as  the  greatest  part  of  it  was  reserved  as  the  "coal-field  for  the 
navy"  up  to  1889,  it  is  one  of  the  most  promising.  According  to  the  report  of  Mr. 
Suzuki,  geologist  to  the  Geological  Survey,  the  total  coal-reserve  of  this  field  may 
amount  to  85,000,000  tons.  Extracting  therefore  1,500,000  tons  annually  it  will 
be  exhausted  in  fifty  years.  The  principal  beds  of  coal  constituting  this  coal- 
field are  as  follows: — 


TRANSACTIONS   AND   PERIODICALS.  0 

One  bed  starting  from  the  Wusui  and  Yamada  districts  in  Kamagori  embraces, 
westward,  Takakuma,  Wuruno,  Takao,  and  other  collieries,  extends  towards  the 
north,  and  passes  through  Namazuta,  Shekanao,  Katsuno,  Tsuruta,  etc.,  and 
many  collieries,  in  the  Nishikawa  district,  till  it  reaches  Noma  in  Ogagori.  The 
conditions  of  the  coal-seams  are  different  in  some  districts.  In  Yamada  and 
Wusui,  the  thickness  of  the  coal-seam  is  about  8  feet,  and  the  quality  excellent. 
But  one  portion  of  the  coal  is  frequently  changed  into  the  so-called  senseki  (a 
kind  of  dry  coal  which  is  probably  produced  from  the  ordinary  coal  by  volcanic 
action).  In  consequence  of  inconvenient  transportation  the  mines  are  not  yet 
opened.  In  Takao,  situated  north-west  of  the  latter,  there  is  a  coal-seam  5  feet 
in  thickness.  The  coal  is  good  in  quality,  and  possesses  the  character  of  caking 
and  making  coke.  Separated  by  a  river  from  Takao  there  are  the  Tadakuma, 
Yamano,  Arii,  and  Namaguta  coal-fields  side  by  side,  while  on  the  opposite  side 
of  the  river  there  are  Shakanoo,  Katsuno,  Sugemuta,  Ono-ura,  and  many  other 
collieries.  The  Namaguta  coal-mine  will  annually  produce  some  100,000  tons, 
and  the  quality  of  coal  is  excellent.  In  the  Tadakuma  coal-mine  there  are  two 
seams,  5  feet  and  3  feet  in  thickness.  The  quality  of  the  coal  is  not  so  uniform 
as  at  Xamasuta,  but  a  part  of  the  5  feet  seam  produces  good  coal.  At  present 
the  annual  production  of  this  colliery  is  20,000  to  30,000  tons.  The  coal-seam  at 
Sakano  is  rather  unpromising.  In  Katsuno,  in  Kurate,  there  are  two  workable 
seams,  5  feet  and  3  feet.  The  quality  of  the  coal  is  of  medium  class,  and  one 
part  of  the  seam  is  changed  into  senseki,  while  another  part  is  dislocated  by 
faults.  Both  Sugemuta  and  Ono-ura  possess  two  seams  similar  to  those  at 
Katsimo.     The  upper  3  feet  seam  produces  good  coal. 

The  second  coal-seam  starts  at  the  north-west  corner  of  Kama,  close  to 
Tagawa,  and  passing  through  many  collieries  such  as  Seita,  Gotoku,  Shitasakai, 
Naokata,  Shinmiou,  Wueki,  Nagayama,  etc.,  extends  northward  parallel  to  the 
bed  first  mentioned.  Two  seams,  3  feet  and  5  feetj  belonging  to  this  series  are 
workable,  but  the  quality  of  the  coal  is  of  medium  class,  and  becomes  gradually 
inferior  northward  along  the  extension  of  the  bed.  Collieries  which  have  been 
opened  for  many  years  on  a  noticeable  scale  are  situated  at  Seita,  Shitasakai,  and 
Shinniwu.  These  collieries,  however,  will  be  unable  to  produce  a  larger  amount 
in  future  than  at  present,  except  perhaps  Shinniwu,  which  is  working  Wuyeki 
and  Nakayama  connectedly,  and  is  therefore  promising. 

Parallel  to  this  second  bed,  especially  on  the  eastern  side  of  the  Onga  river, 
is  found  the  Onga  coal-bed.  This  bed  is  composed  of  three  seams.  The  first, 
5  feet  in  thickness,  extends  through  Congo,  Kusubashi,  and  Kakibu,  while  two 
other  seams,  3  feet  and  2£  feet  in  thickness,  extend  through  Kozuki,  Nakama, 
Iwase,  Yoshida,  Takasu,  Yamaga,  etc.  The  coal  from  this  bed  is  rather  inferior 
in  quality,  and  (except  such  as  is  produced  in  Atsuji)  is  principally  consumed 
in  salt-making.  The  coal  from  Otsuji  colliery,  though  similarly  inferior,  is 
largely  exported  in  consequence  of  its  being  produced  in  larger  blocks. 

The  next  is  known  as  the  Tagawa  coal-bed.  It  begins  at  the  village  of 
Soyeda  in  Tagawa,  from  whence  it  extends  towards  the  north,  passing  through 
Ihara,  Maki,  Kawasaki,  rkejiri,  Gotoji,  lkari,  Ida,  Miyao,  Kawara,  Yugeta, 
Hoshii,  Kanoda,  etc.  It  contains  two  coal-seams,  8  feet  and  4  feet.  The 
quality  of  the  coal  from  this  bed  is  very  good,  and  at  the  same  time  the  thickness 
of  the  seams  continues  throughout  the  whole  Chikuho  coal-field.  But  part  of 
the  coal-bed  situated  south  of  the  Hoshii  colliery  is  mixed  with  volcanic  rocks 
and  is  changed  into  senseki.  In  consequence  of  non -facilities  for  transportation 
this  coal-bed  is  partly  left  un worked ;  work,  however,  has  been  in  progress, 
though  not  on  a  large  scale.  The  Hoshii  colliery  is  said  to  be  the  most  promising 
among  all  the  collieries  in  the  Tagawa  country,   as  it  possesses  two  so-called 
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chitimai  seams,  8  feet  and  4  feet.  Although  at  present,  in  consequence  of 
want  of  proper  facilities  for  getting  the  coal,  the  output  is  not  considerable,  yet 
it  would  not  be  difficult  to  obtain  an  output  of  100,000  tons  of  coal  per  year  if 
the  methods  of  working  were  improved. 

At  the  Kanoda  colliery,  the  neighbouring  concession  to  Hoshii,  the  8  feet 
seam  is  now  worked,  while  the  4  feet  seam,  which  is  supposed  to  lie  under  the 
8  feet  seam,  is  as  yet  undiscovered.  Without  regard  to  the  extension  of  the  sup- 
posed seam,  this  colliery  may  be  said  to  be  a  hopeful  one,  and  a  considerable  output 
will  be  seen  in  future. 

The  Ida  colliery,  a  very  extensive  concession  in  this  district,  has  been  opened 
both  in  the  8  feet  and  4  feet  seams,  but  the  former  seam  was  soon  abandoned  in 
consequence  of  the  occurrence  of  volcanic  dykes,  senseki,  faults,  and  other 
obstructions.  The  latter  seam  is  now  only  being  worked,  and  is  of  good  quality. 
Even  the  8  feet  seam  would  be  perhaps  workable  in  some  parts.  No  river  suitable 
for  transportation  of  materials  is  found  in  this  district,  and  a  large  output  is  not 
possible  until  a  road  is  opened. 

The  Akaike  colliery  contains  a  seam  5  feet  in  thickness,  and  the  coal  is  of  high 
grade.  The  preparatory  works  having  been  nearly  finished,  the  output  in  the 
coming  years  will  continue  to  be  as  great  as  it  is  at  present. 

Besides  the  collieries  above  mentioned,  there  are  many  mines  in  the  same 
country,  as  Nakamineji,  Kamatsuga-ura,  Ikejiri,  etc.  Although  they  are  now 
working  the  8  feet  and  4  feet  seams,  their  extent  is  very  limited,  and  work  is  on  a 
small  scale. 

The  Ikai  colliery  (the  late  "  coal-field  of  the  navy  ")  situated  on  the  eastern  side 
of  the  Ida  colliery,  and  Oto,  Kawasaki,  Maki,  Shinjo,  etc.,  all  the  latter  being 
to  the  south  of  the  Yasunaga-toge,  have  not  yet  been  closely  examined.  Although 
some  portion  of  the  seam  may  be  senseki,  as  doubtless  the  Tagawa  coal-bed 
extends  to  this  district,  a  large  production  may  be  expected. 

In  Kasuga,  there  are  three  coal-seams,  especially  one  seam,  5  feet  in  thickness, 
which  is  worked  on  the  east  of  Sasakuri,  while  the  other  two  seams,  3  feet  and 
4  feet,  are  opened  in  the  adjacent  districts  of  Niihara.  Altogether  they  produce 
annually  some  100,000  tons.  There  are  also  small  seams  in  Munekata  and  Kiku  ; 
but  they  are  not  worthy  of  especial  attention,  being  of  small  extent. 

In  the  island  of  Yayeyama,  in  the  prefecture  of  Okinawa,  a  coal-seam,  4  feet 
in  thickness,  has  been  opened.  The  quality  of  coal  is  excellent.  A  few  years 
a»o,  unfortunately,  disease  broke  out  among  the  miners,  and  work  was  abandoned. 

Honshiu  Coal-fields. 

6.  Atsusa  Coal-field,  Nagato. — This  extends  through  the  districts  of  Funaki, 
Takachiho,  Atsunami,  Suye,  Yakebe,  etc.,  but  its  area  is  limited.  There  are 
only  two  workable  seams,  3i  feet  and  2h  feet  in  thickness,  and  the  coal  is  of 
inferior  quality.  Consequently,  this  coal  is  only  used  for  salt-boiling  along  the 
coast  of  Seto-uchi,  and  cannot  supply  the  general  demand  of  the  country. 

7.  Kishiu  Anthracite. — The  quality  is  moderate.  There  are  two  thin  seams 
that  are  workable  of  1  foot  and  2  feet  in  thickness.  Their  area  is  small,  and  its 
use  is  restricted  to  lime  and  cement  manufactories. 

8.  Shiramigu  Coal-field. — This  field  stretches  over  a  wide  area  along  the  sea- 
coast  of  Iwaki  and  Hitachi.  The  6  feet  bed  is  alone  workable,  and  the  coal, 
though  inferior  in  quality,  may  be  used  for  many  industries.  Little  water  is  found 
in  the  mine,  the  hard  solid  rock  forming  the  roof  requires  no  timbering,  and  the 
cost  of  getting  the  coal  is  therefore  very  low.  If  a  railway  were  constructed  and 
transportation  facilities  increased,  the  yield  from  this  colliery  would  be  sufficient 
to  satisfy  the  demand  of  the  Kwanto  districts. 
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9.  Aburato  Coal-field.  —  This  is  controlled  by  the  Sado  mine.  Although  the 
quality  is  of  very  low  grade,  it  may  be  converted  into  coke  when  cleaned. 

Hokkaido  Coal-field,. 

10.  Ishikari  Coal-field. — Many  parts  of  Hokkaido  yield  coal.  According  to 
the  report  of  Mr.  Lyman,  an  American  geologist,  who  formerly  explored  the  coal- 
fields of  Hokkaido,  it  seems  that  every  coal-field  embraces  a  considerable  stock  of 
coal,  but  since  that  time  geologists,  having  made  more  accurate  surveys,  have 
found  that  the  coal-fields,  except  the  Ishikari,  do  not  contain  so  much  as  Mr. 
Lyman  expected.  As  great  irregularities  prevail  in  the  deposits  of  coal  in 
Hokkaido,  and  the  transportation  facilities  are  few,  the  only  source  for  the  future 
supply  of  coal  will  be  the  Ishikari  coal-field. 

11.  Yubari  Coal-field. — There  are  two  workable  beds  of  good  coal,  measuring 
14^  feet  and  4  feet  in  thickness.  The  coal  reserve  above  the  water-level  is  calcu- 
lated to  be  more  than  6,000,000  tons.  This  is  one  of  the  best  coal-fields  in  the 
country,  and  will  easily  yield  300,000  tons  of  coal  per  year. 

12.  Horonai  Coal-field. — There  are  four  workable  seams  of  good  coal,  3  to  4  feet 
in  thickness.  Although  the  colliery  has  been  opened  for  the  last  few  years,  and 
more  than  1,000,000  tons  of  coal  have  been  taken  out,  yet  the  remaining  reserve 
above  the  water-level  is  calculated  at  3,000,000  tons,  and  the  future  output  per 
year  will  be  at  least  70,000  to  80,000  tons. 

13.  Sorachi  Coal-field. — This  is  divided  into  two  separate  concessions,  Kami- 
wuta-wusunai  and  Shimowuta-wusunai.  The  quality  of  the  coal  is  excellent,  and 
fit  for  coking.  There  are  four  workable  seams,  3  to  5  feet  in  thickness.  Although 
this  field  has  been  worked  during  the  last  few  years,  yet  the  remaining  reserve 
above  the  water-level  is  estimated  at  more  than  5,700,000  tons.  The  seams  are, 
however,  interrupted  by  dislocations,  and  the  production  of  small  coal  is 
considerable. 

14.  Ikushinbetm  Coal-field. — In  this  field,  the  seams  in  all  respects  closely 
resemble  the  Sorachi  field,  especially  in  the  irregular  dislocations  which  occur. 
The  extension  of  the  concession  is  limited.  No  large  production  can  be  expected 
from  this  mine  in  the  future. 

In  addition  to  those  mentioned  above,  some  coal-fields  in  the  vicinity  of 
Iwanai,  i.e.,  Chinu,  etc.,  are  now  worked,  but  their  extent  is  small. 

The  result  of  the  investigations  hitherto  made  in  Hokkaido,  though  not  yet 
completed,  show  that  there  is  no  probability  of  finding  a  large  stock  of  coal  ;  and 
as  there  is  no  facility  for  transportation,  the  opening  of  any  new  colliery  is  almost 
hopeless. 

Conclusions. 

(1)  If  worked  unsystematically,  with  the  object  of  large  production,  as  at 
present,  some  of  the  largest  collieries  will  be  exhausted  in  a  few  years. 

(2)  It  is  disadvantageous  that  a  continuous  coal-field  is  separated  into  small 
concessions,  which  are  worked  separately,  each  with  small  capital. 

(3)  Temporary  working  with  inadequate  capital  on  a  good  coal-field  should  be 
prohibited. 

In  the  past,  industries  did  not  rely  upon  coal  to  obtain  their  motive  power. 
The  following  table  (except  for  steamers  and  locomotives)  shows  the  steam  and 
water-power  in  1891. 

Steam  ... 
Water 


Manufactures. 
Horse-power. 

Mining. 
Horse-power. 

Total. 
Horse-power. 

25,998 

11,559 

37,557 

3,060 

2,562 

5,623 
M.  W.  B. 
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EASTERN  COAL  REGIONS  OF  KENTUCKY. 
By  Graham   Macfarlane.     Engineering  and  Mining  Journal  [Neio  York],  1895, 

vol.  Ix. ,  page  345. 
This  coal-field  covers  about  11,000  square  miles.     On  the  east  and  south,  it  is 
bounded  by  Virginia  and  Tennessee  ;  on  the  west,  by  an  irregular  line  beginning 
at  the  Ohio  river  in  Greenup  County,  and  extending  through  Pulaski  and  Wayne 
to  the  Tennessee  boundary  dine. 

The  changes  in  the  bedding  are  so  great  that  no  satisfactory  identification  of 
the  coal-seams  has  yet  been  made,  and  the  correlation  of  the  Kentucky  coals  with 
those  of  other  States  in  the  Appalachian  coal-field  is  also  involved  in  a  conflict 
of  opinion.  A  first  examination  of  the  matter  leads  to  much  more  satisfactory 
conclusions  than  can  be  gained  after  more  thorough  investigation ;  and  the 
identifications  of  forty  years  ago  of  the  various  seams  is  now  much  doubted. 

J.  W. 

COAL  AND  OTHER  MINES  OF  OHIO. 
Axox.     Engineering  and  Mining  Journal  [Neiv  York],  1895,  vol.  lx.,page  148. 

The  production  of  coal  in  1894  was  11,910,219  tons,  a  decrease  of  2,917,878 
tons  as  compared  with  1S93.  This  diminution  has  never  been  approached  in  the 
State's  history.  Of  the  total  production  of  coal,  2,555,466  tons  were  mined  by 
machinery,  a  gain  of  2,392  tons  as  compared  with  1893.  There  are  thirty-six 
mines  in  the  State  equipped  with  machines,  of  which  nineteen  are  worked  by 
compressed  air  and  sixteen  by  electricity. 

There  was  one  accident  for  each  46,343  tons  of  coal  mined  ;  264,672  tons  were 
mined  to  each  life  lost,  and  102,674  tons  for  each  serious  accident.  In  all,  38  per 
cent,  of  the  year's  casualties  were  due  to  falls  of  roof  ;  15  per  cent,  to  falls  of  coal ; 
23  per  cent,  to  contact  with  the  mine  cars  ;  *l\  per  cent,  to  premature  explosions 
of  powder  ;  and  one  fatal  and  four  serious  accidents  were  due  to  fire-damp. 

The  iron-ore  production  was  confined  to  the  three  counties  of  Jackson, 
Lawrence,  and  Scioto,  in  which  there  were  mined  53,043  tons,  which  is  the  lowest 
quantity  of  any  year  since  the  compilation  of  statistics.  J.  W. 


STRUCTURE  OF  THE  RICHMOND  COAL-BASIN. 

By  E.  J.  Schmitz.     Transactions  of  the  American  Institute  of  Mining  Engineers, 

1894,  vol.  xxiv.,  pages  397-408. 

The  Triassic  coals  of  the  Richmond  basin  comprise  about  189  square  miles,  of 

which  not  more  than  1,200  acres  along  the  outcrops  have  been  worked,  although 

mining  has  been  carried  on  for  more  than  100  years. 

The  unsatisfactory  success  and  progress  of  the  industry  of  this  coal-field  is  due 
principally  to  the  irregularity  and  faulted  conditions  of  the  coal  and  also  to  the 
indifference  of  the  State  Government,  which  leaves  the  development  of  the  field 
entirely  to  private  enterprise,  instead  of  aiding  it  by  systematical  and  practical 
geological  investigations. 

In  the  Clover  Hill  district,  the  following  section  is  found  : — 

Feet. 
Top  coal-seam         ...         ...         ...         ...  3  to    4J 

Strata  10  ,,  30 

Main  coal-seam       ...         ...         ...         ...  7  ,,  20 

Strata  40  ,,  50 

Bottom  coal-seam  (reported)        ...         ...  4  ,,     6 
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The  coals  of  the  upper  two  seams  are  hard,  bituminous  coals  of  square  cleavage 
and  fracture,  nearing  splint  in  hardness,  and  showing  coking  qualities.  The 
main  seam  and  especially  the  bottom  seam  sometimes  contain  considerable 
quantities  of  pyrites.  Another  section  gives  the  workable  part  of  the  main 
seam  a  thickness  of  11  feet  8  inches,  of  which  10  feet  10  inches  is  coal. 

The  Triassic  rocks  and  their  coal-beds  were  probably  deposited  during  the 
period  of  the  construction  of  the  Appalachian  chain  while  the  Azoic  (granite)  floor 
was  affected  by  the  upward  and  folding  movements  of  this  chain.  Such  move- 
ments would  account  for  the  irregular  and  pocket-like  growth  and  deposition  of 
the  coal  flora,  varying  for  different  seams,  as  well  as  for  the  area  of  each  seam. 
This  upward  movement  seems  to  have  been  limited  to,  or  more  pronounced  at, 
certain  zones ;  namely,  those  of  the  present  squeezes  or  troubles,  since  the  coal 
is  regular  to  the  east  of  the  Garret  squeeze.  And  as  this  squeeze  has  a  strike 
regular  and  common  with  that  of  the  Appalachian  chain,  we  may  be  justified  in 
supposing  that  this  and  similar  fault-zones  or  ridges  have  been  caused  by  the 
forces  which  raised  the  whole  Appalachian  chain,  and  represent  smaller  ridges  or 
anticlinals  of  that  chain.  Moreover,  as  the  forming  of  the  Appalachian  chain  was 
not  due  to  a  sudden  movement,  but  must  have  occupied  a  considerable  geological 
time-interval  after  the  Permo-Carboniferous  age,  we  may  assume  that  the 
Triassic  measures  of  this  basin  were  deposited  upon  the  uneven  floor  of  granite 
rocks  during  the  later  period  of  the  construction  of  the  Appalachian  chain,  and 
that  this  uneven  floor  was  under  the  influence,  and  took  some  part  in  the  move- 
ments, of  that  chain. 

The  secondary  disturbances  caused  by  plutonic  action  and  represented  by  dyke- 
openings,  dykes,  coking  of  coal  in  the  vicinity  of  the  dykes,  etc. ,  must  have  taken 
place  near,  or  after  the  end  of,  the  Tertiary  period,  since  Tertiary  deposits  have 
been  removed  from  the  surface  at  these  dyke-openings. 

The  practical  value  of  the  field  as  a  coal-producer  depends  on  the  coal-areas 
which  can  be  opened  and  made  accessible  to  the  shafts  and  slopes  of  the  mines,  of 
which  those  nearer  the  centre  of  the  basin  will  probably  have  the  better  chance. 

The  author  refers  to  a  paper  on  "The  Mesozoic  Formation  in  Virginia,"  by 
Mr.  Oswald  J.  Heinrich,  published  sixteen  years  ago,*  whose  conclusions  and 
observations  are  in  some  respects  different  from  those  of  the  author. 

A.  W.  G. 


COAL  DISCOVERY    IN   GIPPSLAND,   VICTORIA. 
Anon.     Australian  Mining  Standard,  1895,  vol.  xi.,  page  519. 

At  Wontaggi  North,  two  really  good  coal-seams  have  been  opened  up.  No.  1 
is  an  outcrop  on  the  bank  of  West's  Creek,  between  Korumburra  and  Anderson's 
Lnlet  (Victoria).  When  discovered,  it  was  rather  weather-beaten  and  water- 
stained,  but  on  sinking,  proved  a  first-class  seam  of  black  coal,  3  feet  6  inches 
thick. 

No.  2  seam  is  3  feet  9  inches  thick,  and  is  a  quarter  of  a  mile  south,  and  close 
to  the  creek.  Levels  have  been  taken,  which  will  no  doubt  prove  it  to  be  a 
continuation  of  the  seam  now  worked  at  the  Outtrim  colliery.  It  is  considered 
that  the  best  means  for  conveying  the  coal  to  market  would  be  by  a  light  railway 
across  the  plaius  to  Anderson's  Inlet,  which  is  8  miles  distant  ;  this  railway  could 
be  constructed  at  about  a  quarter  of  the  cost  of  a  line  from  the  north  through 
mountainous  country.  J-   "  ■ 

*  Transactions  of  the  American  Institute  of  Mining  Engineers,  vol.  vi.,  page  227. 
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COAL-DUST   RENDERED  HARMLESS. 

UnschacUichmachung  des  Kohlenstaubes.     Anon.     Zeitschrift  fiir  das  Berg-Hiltten- 

und  Salinen-wesen  im  Preussischen  Staate,  1894,  vol.  xlii.,  page  228. 

An  apparatus  for  laying  coal-dust  by  means  of  water-spray  was  fixed  up  in 
the  Hansa  pit,  in  October,  1893.  From  the  bottom  of  the  1,083  feet  (330  metres) 
level,  the  water  for  the  pressure-engine  at  the  2,178  feet  (664  metres)  level  is  led 
thither  through  a  system  of  pipes  6  inches  (150  millimetres)  in  diameter.  At  the 
pit-eye,  at  the  2,000  and  2,178  feet  (610  and  664  metres)  levels,  there  branch  off 
from  this  main  pipe-system  pipes  3*15  inches  (80  millimetres)  in  diameter  running 
along  the  western  cross-cuts  of  both  levels  as  far  as  seam  F.  Along  the  floors  of 
seams  E  and  F,  pipes  2  inches  (50  millimetres)  in  diameter  branch  off  again  from 
these  and  run  along  up  to  the  working-face.  At  each  inclined  plane  and  gallery 
1  inch  (25  millimetres)  pipes  branch  off  from  the  2  inches  ones,  and  from  them 
again  0-6  inch  (15  millimetres)  pipes  lead  up  to  every  separate  working-place.  At 
the  face  these  smallest  pipes  are  provided  with  a  valve  and  an  indiarubber  hose, 
10  to  16  feet  (3  to  5  metres)  in  length.  The  pipes  are  of  galvanized  iron,  and  those 
of  larger  diameter  have  flanged  joints  ;  the  smaller  ones  screw  on  to  each  other 
like  gas-pipes  ;  all  are  in  lengths  of  from  10  to  13  feet. 

The  fact  whether  sufficient  water  for  spraying  purposes  is  present  at  the 
bottom  of  the  1,083  leet  level  is  ascertained  by  means  of  a  pressure-gauge  (which 
should  show  at  least  35  atmospheres)  inserted  in  the  system,  connecting  with  the 
pressure-engine  at  the  2,178  feet  level. 

The  mean  radius  covered  by  the  spray  from  the  above-mentioned  hose,  worked 
by  hand,  is  49  feet  (15  metres).  Moreover,  at  every  164  feet  (50  metres)  of  piping, 
valves  and  socket-pieces  are  fixed,  and  on  to  these  fit  65  feet  lengths  of  indiarubber 
hose,  so  that  portions  of  the  workings  outside  the  ordinary  radius  of  the  sprayers 
may  be  watered  when  needful. 

The  original  cost  of  the  plant  was  between  £600  to  £650.  The  monthly 
expenditure  on  upkeep  is  estimated  at  £20  to  £25. 

But  against  the  very  considerable  advantages  of  this  arrangement  must  be  set 
sundry  disadvantages,  such  as  a  certain  disturbance  of  the  strata — the  floor,  for 
instance,  tends  to  swell  and  rise.  This  movement  will,  no  doubt,  entail  additional 
expenditure  on  timbering,  and  the  number  of  workmen  employed  on  repairs  will 
have  to  be  increased.  0.  S.  E. 


REMOVAL  OF  COAL-DUST  BY  WATER-SPRAYING  IN  WESTPHALIAN 

MINES  AND  IN  THOSE  OF  THE  SAARBRUCK  COAL-FIELD. 
Das  Beiseitigen  der  Kohlenstaubbildung  durch  Wasserberieselung.      By  Jaroslav 
Jicinsky.     Oesterreichische  Zeitschrift  fiir  Berg-  und  Hiittenwesen,  1894,  vol. 
xlii.,  pages  617-618. 

The  water-spray  system  appears  to  have  been  adopted  as  a  consecpience  of  the 
explosions  which  occurred  in  the  Hibernia  pit  (Westphalia)  and  at  the  Camphausen 
colliery  (Saarbruck),  both  largely  attributable  to  coal-dust. 

In  Westphalia,  besides  the  Hibernia  pit,  those  which  may  be  mentioned  as 
possessing  a  very  extensive  system  of  water-sprayers  are  the  Consolidation  pits, 
Nos.  1,  2,  and  3.  Here  at  the  uppermost  level  is  a  water  reservoir,  consisting  of 
a  gallery  walled  with  cement,  always  kept  full  of  water  supplied  from  the  over- 
lying marls  or  direct  from  bank.  Gas-piping  leads  downward  from  this  reservoir, 
branching  off  to  the  cross-cuts  at  each  level,  and  thence  to  the  various  inclined 
planes  and  working-places.     For  spraying  at  the  face,  indiarubber  hose  is  fixed  to 
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valves  opening  at  requisite  intervals  into  the  pipes.  The  length  of  the  entire 
system  is  68  miles  (110  kilometres),  the  total  number  of  workpeople  being  3,600 
(of  whom  2,970  are  at  work  below  ground),  and  the  monthly  production  of  coal 
is  41,500  tons. 

The  monthly  expenditure  on  watering  in  the  three  pits  is  as  follows : — 

No.  1.  No.  2.  No.  3.  Totals. 

£    s.    d.  £      s.    d.  £     s.     d.  £      s.    d. 

Labour  in  the  pit         •  ■  •  {  ^weL^  !    7     2     6         17  19    0        25     1     6 

Material  (pipes  and  hose)         3  14  10         24     4     4        23     2     6         51     1     8 


Totals 3  14  10         31     6  10         41     1     6         76     3     2 

At  the  Camphausen  colliery  (Saarbriick),  the  pumping-engine  below  ground 
forces  the  water  up  to  the  main  airway,  where  two  galleries  walled  with  masonry 
serve  as  reservoirs.  These  are  used  alternately,  as  the  clearing  out  of  the  slime 
would  otherwise  cause  considerable  delay.  Mannesmann  piping  is  used,  3^  inches 
in  diameter  in  the  shaft,  2  inches  in  the  cross-cuts,  1  inch  in  the  inclined  planes, 
and  i  inch  at  the  working-places.  About  every  150  feet,  valve-openings  are  fixed 
to  the  pipes,  in  such  M'ise  that  80  feet  lengths  of  rubber  hose  being  fitted  to  them 
the  entire  gallery  can  be  watered.  As  the  water-roses  often  become  clogged, 
simple  nozzles  are  now  used,  about  J  inch  across.  The  work  is  attended  to  by 
boys  in  the  drifts  and  cross-cuts  where  no  hewing  is  done,  and  by  the  hewers 
themselves  (without  any  additional  remuneration)  at  the  face.  This  method  of 
watering  was  inaugurated  in  1886,  and  the  expenditure  up  to  the  end  of  June, 
1894,  amounted  to  £4,S55  for  materials  and  £4,145  for  labour,  or  £9,000  in  all. 
The  length  of  piping  is  113,400  feet,  the  annual  extension  about  17,000  feet,  the 
annual  cost  of  material  £725,  and  of  labour  £705.  O.  S.  E. 


METHOD  OF  COUNTERACTING  THE  PRESSURE  OF  STRATA  IN 
COAL-MINES. 

Der  Gebirgsdruck  und  seine  Bekampjung  im  Kohlenbergbaut.  By  —  Georgi. 
Oe-sterreichiiche  Zeitschrift  Jur  Berg-unl  Hiittenwesen,  1895,  vol.  xliii.,  page  47. 
Under  very  high  pressure,  even  brittle  coal  assumes  a  certain  degree  of 
plasticity,  and  when,  in  the  course  of  working,  hollow  spaces  are  left  in  such 
material,  it  gradually  closes  in  on  such  spaces  again  by  dint  of  the  pressure  of  the 
strata.  Such  movements  are  most  apt  to  occur  where  there  is  already  disturbance 
of  the  strata,  or  a  fissure  or  cleft.  The  rules  followed  in  practical  work  do 
undoubtedly  tend  to  obviate  the  mischief ;  but  they  cannot  always  be  strictly 
adhered  to,  and  therefore  special  means  of  combating  it  have  to  be  devised. 

Timber  sets  with  loose  packing  wore  used  for  more  than  a  year  with  great 
success.  Three  planks,  slightly  apart,  are  laid  on  the  top  backings  of  the  timber, 
where  a  stouter  partition  is  required  to  prevent  the  fall  of  stone.  At  the  side- 
walls,  behind  the  uprights  two  horizontal  rows  of  round  wooden  bars  are  laid,  and 
behind  these  again  vertical  planks  are  set.  The  bars  or  props  are  Gh  to  ~,\  feet 
long,  their  vertical  distance  one  from  the  other  is  2j  to  2§  feet,  and  they  reach 
simply  from  one  upright  to  the  next.  In  each  row  they  are  laid  alternately  a 
little  higher  and  a  little  lower,  and  they  are  long  enough  to  amply  cover  the  back 
of  the  upright.  The  planks  are  3^  to  3J  feet  long,  and  the  space  between  them  is 
such  that  between  every  two  uprights  there  are  only  two  planks.  The  space 
behind  the  planks  is,  so  far  as  may  be  necessary,  filled  with  stone  packing.  If  the 
side-walls  are  not  very  friable  the  packing  may  be  dispensed  with. 
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The  above -described  arrangement  allows  the  outward  pressure  of  the  measures 
enough  "play."  The  inward  curvature  of  the  cross-bars  shows  how  great  is  the 
pressure,  and  gives  timely  warning  of  the  necessity  of  renewing  the  arrangement, 
which  can  easily  be  done. 

But  the  timbering  of  the  roof  must  not  be  renewed  at  the  same  time  as  that  of 
the  side-walls,  and  with  very  great  pressure  of  roof  the  renewal  cannot  be  managed 
at  all.     The  same  method  is  adapted  to  iron  girders,  but  not  to  masonry  walls. 

O.  S.  E. 


ANACONDA  COPPER-MINES,  UNITED  STATES. 
Report    on    the    Anaconda    Copper-mining    Company.       By    Hamilton    Smith. 
Engineering  and  Mining  Journal  [Neiv  York],  1895,  vol.  lx.,  pages  559  and 
560. 

The  Anaconda  is  the  largest  copper-mining  property  in  the  world,  and  is 
situated  in  the  State  of  Montana,  most  of  the  copper  and  silver  mines  being  in 
or  near  the  city  of  Butte. 

The  Anaconda  and  Syndicate  group  (eight  mines  in  all)  have  been  worked  to 
a  depth  of  1,200  feet,  and  since  1880  have  produced  ore  yielding  very  nearly 
400,000  tons  of  fine  copper,  together  with  a  large  amount  of  silver  and  some  gold. 
Until  the  late  development  of  electrolytic  refining,  but  little  profit  accrued  from 
the  precious  metals.  With  depth,  the  copper-ore  deposits  increase  rather  than 
diminish ;  in  one  of  the  mines  at  a  depth  of  1,150  feet  an  entirely  new  ore-body 
has  this  year  been  discovered,  the  ore  being  of  high  grade  and  the  deposit  of  large 
extent. 

The  reduction-works  are  situated  at  the  town  of  Anaconda,  about  20  miles 
from  Butte,  the  ore  being  hauled  over  a  railway  controlled  by  the  company. 

The  cost  of  producing  copper  is  less  than  at  any  other  of  the  large  copper 
companies.  This,  the  author  says,  is  due  to  the  recovery,  at  reasonable  expense, 
of  the  silver  and  gold  contained  in  the  pig-copper  by  electrolytic  refining. 

For  the  year  1895,  the  silver  production  at  Anaconda  will  probably  be  over 
5,500,000  ounces  fine,  and  over  22,000  ounces  of  fine  gold.  The  Anaconda  mine 
produces  more  silver  than  any  company  in  the  world,  except  the  Broken  Hill 
proprietary  mines.  ,  J.  W. 

ELECTRIC  MINING  PLANT. 

(1)  The  Essen  Coal  Company's  Electric  Mining  Plant,  near  Pittsburg.  By  Timothy 
W.  Sprague.  Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx., 
page  174.      With  4  illustrations. 

A  few  miles  from  Pittsburg,  at  Hazletine,  is  the  largest  electric-power  plant 
for  coal-mining  purposes  in  the  United  States,  and  one  of  the  largest  in  the  world. 
It  is  installed  to  operate  two  of  the  mines  of  the  Essen  Coal  Company. 

After  a  thorough  investigation  of  coal-mining  machinery-plants,  the  writer 
came  to  the  conclusion  that  where  trouble  developed  with  such  plants  it  was 
nearly  always  traceable  to  insufficient  power.  It  was,  therefore,  decided  in  laying 
out  the  plant  to  allow  an  ample  margin  of  initial  power. 

Steam  is  raised  by  four  Russell  tubular  boilers,  each  5  feet  in  diameter  and  18 
feet  long,  and  containing  64  tubes,  3£  inches  in  diameter. 

The  engine-room  contains  three  automatic  Corliss  engines  with  cylinders 
17  inches  in  diameter  by  2  feet  stroke,  running  at  a  speed  of  153  revolutions  per 
minute.     They  are  set  on  brick  foundations  and  have  10  feet  fly-wheels.     With 
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the  steam -pressure  usually  carried,  90  to  100  lbs.  per  square  inch,  these  engines 
will  develop  something  over  200  horse-power  each.  They  drive  three  150  kilowatt 
bi-polar  generators  of  the  independent  mining  type,  wound  for  275  volts,  and 
running  at  510  revolutions  per  minute ;  they  are  compound-wound  and  provided 
with  self-oiling  bearings,  ventilated  armatures,  and  other  improvements. 

Illustrations  are  given  of  the  independent  arc  lamp ;  of  the  coal-seams  ;  the 
chain  coal-cutter  ;  and  of  the  80  horse-power  electric  locomotive,  with  loaded  trip. 

The  electric-power  generated  is  used  at  present  for  coal  under-cutting,  haulage, 
and  lighting.  It  is  intended  to  run  sixteen  under-cutters  ;  to  use  two  80  horse-power 
locomotives,  one  in  each  mine,  for  the  main  haulage  work,  mules  being  employed 
to  do  the  gathering  ;  and  to  light  the  tipples,  power-house,  and  underground 
workings,  as  may  be  necessary. 

The  coal-cutter  is  driven  by  a  20  horse-power  motor,  wound  for  220  to  250 
volts,  having  but  one  field-coil.  The  machine  is  2  feet  high,  2  feet  4  inches  wide, 
and  10  feet  5  inches  long  when  closed.  It  cuts  to  a  depth  of  5  feet,  making  the 
cut  3|  feet  deep  and  3i  inches  high.  J.  W. 

(2)  Twelve-mile  Transmission  of  Power  by  Electricity.  By  Thomas  H.  Leggett. 
Transactions  of  the  American  Institute  of  Mining  Engineers,  1894,  vol.  xxir., 
pages  315-339. 

A  detailed  description  is  given,  with  drawings,  of  the  power  plant  erected  for 
the  Standard  Consolidated  Mining  Company,  at  Bodie,  California. 

The  water-power  is  obtained  from  a  mountain-stream  in  Sierra  Nevada,  12 ft 
miles  distant,  which  drives  four  21  inches  Pelton  water-wheels  under  a  pressure  of 
152  pounds  per  square  inch.  Each  wheel  is  rated  at  60  horse -power  and  travels 
at  a  speed  of  860  to  870  revolutions  per  minute  ;  the  shaft  is  connected  by  an 
insulated  rigid  coupling  to  the  armature  of  the  generator.  The  wheels  are 
regulated  by  a  very  ingenious  Pelton  differential  water-governor. 

The  single-phase  synchronous  system  is  adopted  and  the  generator  is  a  120  kilo- 
watt constant-potential,  12  poles  machine.  The  potential  of  the  generator  under 
full  load  is  3,530  volts,  but  at  present  it  is  operating  with  about  3,390  volts. 

The  wire  is  of  No.  1  gauge,  soft  drawn,  bare  copper,  weighing  252  lbs.  per 
1,000  feet,  attached  to  glass  insulators  on  Klein,  leaden  thread,  iron  pins. 

The  two  wires  are  3  feet  8  inches  apart,  aud  the  poles  of  tamarack  timber,  6 
inches  in  diameter,  are  placed  at  intervals  of  100  feet ;  the  wires  are  about  17  feet 
above  the  ground,  which  is  extremely  rough  and  uneven. 

It  was  found  advisable  to  wrap  the  naked  wires  with  £  inch  sheet-elastic 
at  the  insulators,  to  prevent  leakage  occasioned  by  snow  and  ice  resting  on  the 
cross  arms. 

About  100  horse-power  is  transmitted  and  used  for  driving  twenty  750  pounds 
stamps,  amalgamating-pans,  etc. 

On  testing  the  generator  and  motor  they  were  found  to  give  an  efficiency  of 
95 -5  and  93 -9  per  cent,  respectively. 

The  final  efficiency  of  the  transmission  from  the  water-wheel  shaft  to  the  motor- 
pulley  driving  the  mill  varied  from  77 '7  per  cent.,  with  20  amperes  of  current,  to 
79 -2  per  cent.,  with  25  amperes. 

Some  difficulty  was  experienced  through  lightning  and  through  discharges  of 
static  electricity,  due  to  a  gradual  charging  of  the  line  from  a  highly  charged 
atmosphere,  during  wind  storms  ;  but  these  are  now  to  a  great  extent  overcome. 

The  entire  cost  of  the  plant  did  not  exceed  £7,600,  while  its  operation  for  one 
month  alone  saved  £400.  Before  the  erection  of  the  plant  the  monthly  fuel  bill  of 
the  20  stamps  mill,  crushing  and  amalgamating  50  tons  of  ore  per  day,  would  often 
amount  to  £400.  A.  W.  G. 
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(3)  An  Unique  Electric  Coal-cutting  Plant.  By  Timothy  W.  Sprague.  Engineer- 
ing and  Mining  Journal  [New  York],  1895,  vol.  lx.,  i^age  57.  With  2  illustra- 
tions. 

There  is  at  the  mines  of  the  Davis  Coal  and  Coke  Company,  in  West  Virginia, 
p.n  exceedingly  interesting  portable  plant  which  has  been  designed  for  the  purpose 
of  making  practical  demonstration,  under  all  working  conditions,  in  mines  where 
neither  electric  nor  power  apparatus  of  any  kind  is  installed,  of  the  economy  and 
other  advantages  of  machine  under-cutting.  All  the  operator  is  required  to 
furnish  is  a  supply  of  water  and  coal,  aud  room  where  the  cutters  may  be  placed  at 
work. 

The  equipment  consists  of  a  box  car,  of  the  type  used  for  furniture  (with  extra 
head-room),  which  is  40  feet  long,  8  feet  wide,  and  nearly  9  feet  high,  containing 
a  complete  power-plant  aud  electric  generator. 

The  boiler  is  of  the  water-tube  type,  specially  designed,  50  inches  in  diameter, 
and  rated  at  40  horse-power  at  100  lbs.  steam  pressure.  The  engine  is  high  speed, 
with  a  cylinder  8i  inches  in  diameter  by  9  inches  stroke,  and  runs  at  300  revolutions 
per  minute.  The  electric  generator  is  of  75  kilowatts,  or  about  100  horse-power 
capacity,  and  is  of  the  alternating  three-phase  type.  It  is  wound  for  550  volts 
and  is  belted  from  the  engine  to  run  at  900  revolutions  per  minute. 

The  coal-cutter  is  of  the  chain  type,  and  makes  a  cut  3  feet  wide  by  6  feet  deep 
in  about  3h  minutes,  withdrawing  in  h  minute.  The  height  of  the  cut  is  4^  inches. 
At  the  mine  in  West  Virginia,  the  equipment  is  now  showing  a  rate  of  cutting 
averaging  over  200  lineal  feet  of  face  under-cut  6  feet  deep  per  shift  of  10  hours. 
Probably,  the  most  important  feature  of  the  cutter  is  the  three-phase  type  of 
motor,  which  refuses  to  do  more  work  than  it  can  properly  be  called  upon  to  do. 
Where  a  direct-current  motor  machine  would  burn  out  or  break,  this  new  type 
will  simply  stop  until  the  strain  is  relieved.  J.  W. 


IGNITION  BY  DETONATION  IN  FIERY  MINES. 

Detonations- Zitndung  mit  Riichsicht  aufihre  Verivendung  in  Schlagwetter  fiihrenden 
Gruben.  ify  Major  J.  yonLauer.  Oesterreichisehe  Zeitschrift  filr  Berg-  und 
Huttenwesen,  1895,  vol.  xliii.,  pages  511-515,  528-531,  and  Plate  XV. 

The  author  sketches  the  history  of  the  progress  made  in  the  manufacture  of 
detonators  since  the  introduction  of  dynamite  in  1869,  and  sketches  of  some  of  the 
patterns  used  by  various  manufacturers  are  given  in  the  plate  which  accompanies 
the  paper.  He  then  describes  the  system  of  testing  detonating-caps  introduced 
by  Colonel  Hess,  and  used  by  the  Austrian  military  engineers.  The  undercurrent 
of  thought  which  runs  through  the  whole  paper  is  that  the  main  factor  in  success- 
ful shot-firing  by  means  of  such  detonators  is  a  sufficiently  great  initial  impulse. 

The  author  attributes  cases,  which  he  quotes,  of  burning  away  of  the  high 
explosive  without  detonation,  to  the  feebleness  of  the  initial  explosive-wave 
produced  by  the  detonators  used,  and  not  to  any  defect  in  the  fuzes.  He  points 
out  that  the  purpose  of  the  fuze  is  to  initiate  the  detonation  of  the  detonator,  but 
n  has  no  part  or  share  in  the  direct  transmission  of  the  explosive-wave  to  the 
explosive.  Further,  he  draws  attention  to  the  fact  that  it  has  been  customary 
in  (Austrian)  collieries  to  use  for  shot-firing  the  explosives  dynamite  No.  1, 
rhexite  No.  2,  and  wetter-dynamit,  which  require  detonators  containing  from 
4-6  to  12  grains  (0'3  to  as  much  as  0-8  gramme)  of  fulminate  of  mercury,  and,  as 
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in  practice  only  one  class  of  friction-fuzes  has  been  used,  namely,  those  to  which 
4-6  grain  detonators  are  attached,  the  frequency  of  incomplete  detonation  is  no 
matter  for  surprise,  at  least  in  the  case  of  rhexite  No.  2  and  wetter-dynamit.  But 
the  teaching  of  experience  has  been  so  far  ignored  that  the  blame  has  been  laid 
upon  the  friction-fuze,  and  some  collieries  have,  under  this  mistaken  impression, 
stopped  the  use  of  it.  In  order  to  avoid  the  danger  of  fire-damp  explosion  arising 
in  fiery  mines  from  such  shots  as  deflagrate  without  exploding,  the  author  advises 
the  strict  observance  of  the  following  rules  : — 

(1)  Explosives  must  be  always  detonated  by  means  of  sufficiently  powerful 
detonators.  Newly  introduced  explosives  should  be  subjected  to  a  preliminary 
test,  with  the  view  of  ascertaining  which  number  of  detonator  is  suitable  for  use 
with  them. 

(2)  The  fulminating  portion  of  the  detonator  must  be  properly  rammed  down 
(enclosed),  for  only  such  caps  can  be  depended  on  as  do  not  suffer  diminution  or 
leakage  of  the  fulminate  of  mercury. 

(3)  If  it  be  proposed  to  use  a  large  number  of  detonators,  these  should  be 
tested  beforehand,  so  as  to  secure  that  they  are  all  in  perfect  condition  and  of 
equal  efficiency. 

(4)  Where  feasible,  detonators  should  be  specially  re-dried  just  before  use. 

(5)  If  ignition  is  to  take  place  in  a  damp  or  wet  medium,  then  at  the  point  of 
junction  with  the  friction-fuze,  the  detonator  and  fuze  should  be  protected  by  a 
water-tight  luting  (some  kind  of  paste). 

The  author  considers  that  the  above  regulations  are  an  indispensable  complement 
to  the  precautionary  measures  already  in  force  in  tier}-  mines.  O.  S.  E. 


PERCUSSION-DETONATORS  FOR  FIERY  MINES. 

Percnssions-zuTidung  mit  Rucksicht  auf  ihre  Verwendung  in  Schlagwetterfiihrenden 

Gruben.    By  J.  van  Lauer.    Oesterreichische  ZeUschriftJwr  Berg-  und  Hutten- 
ivesen,  1895,  vol.  xliii.,  pages  693-698. 

After  reviewing  the  history  of  percussion-detonators  for  military  mining,  the 
author  considers  their  employment  for  industrial  purposes  as  a  substitute  for  the 
English  safety-fuze,  and  describes  the  forms  introduced  by  several  inventors, 
particularly  that  of  Messrs.  Toman  and  Tirman,  and  the  improved  Tirman 
detonator.  He  considers,  however,  that  in  point  of  reliability  and  security 
this  class  of  detonators  is  inferior  to  friction-detonators,  the  number  of  miss-fires 
being  greater  and  the  employment  of  dynamite  cartridges  to  fire  the  blown-out 
shots  dangerous  in  the  case  of  fiery  mines.  Friction-detonators  are  safer  during 
transport,  less  liable  to  be  jarred  in  tamping,  and  safer  to  handle.  The  fact  that 
the  cap  is  only  fitted  into  the  percussion-detonator  at  the  time  it  is  required  for 
use  is  regarded  as  a  retrograde  procedure  rather  than  an  improvement,  as  the 
loose  cap  is  more  susceptible  to  damage  by  moisture  or  the  shaking  out  of  its 
charge,  and  the  probability  of  miss-fires,  incomplete  explosions-,  and  ignition  of 
fire-damp  is  correspondingly  augmented.  In  fact  the  only  benefit  from  the  separa- 
tion accrues  to  the  maker  of  the  percussion-detonator,  who  incurs  less  expense 
by  forwarding  the  non-dangerous  portion  of  the  apparatus  by  itself.  In  view  of 
the  manifold  advantages  of  the  friction-detonator,  the  question  of  a  slightly  higher 
first  cost  is  hardly  worth  consideration.  C.  S. 
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THE  PREVENTION  OF  FIRE-DAMP  AND  COAL-DUST  EXPLOSIONS. 
Zur   Verhiitung  von  Schlagwelter-  and  KohlenMaub-Explosioncn.     By  Robert  Lam  - 
precht.     Oesterreichische  Zeitschrift  fur  Berg-  und  HiUteinvesen,  1895,  vol. 
xliii.,  pages  1-7,  95-9S,  107-110. 
The  author,  as  the  result  of  a  tour  of  inspection  and  study  in  the  Rossitz- 
Zbeschau   and   Ostrau-Karwin   coal-fields,   and   of   his   experience   in   the   South 
Hungarian  colliery  district,  furnishes  a  detailed  account  of  the  methods  now  in 
force  in  the  fiery  mines  of  Austria-Hungary  for  preventing  fire-damp  and  coal-dust 
explosions.     His  memoir  is  arranged  under  the  following  headings  : — 

Blasting. — One  of  the  most  dangerous,  and  nevertheless  the  most  generally 
used,  of  igniters  is  the  Bickf ord  fuze  —  which  is  set  alight  by  means  of  flint,  steel, 
and  tinder.  It  probably  owes  its  popularity  to  the  ease  with  which  it  can  be 
ignited  by  any  and  every  miner,  and  its  comparatively  low  cost — each  shot  costing 
about  id.  The  sparks  from  this  fuze  have  been  proved  to  ignite  gaseous  mixtures 
containing  as  little  as  1^  per  cent,  of  methane.  It  gives  off  very  offensive  smoke, 
and  premature  ignitions  and  miss-fires  are  frequent.  In  several  pits  of  the  Ostrau- 
Karwin  coal-field,  Bickford  fuze  is  only  allowed  for  blasting  in  stone  in  the 
immediate  neighbourhood  of  the  shafts,  and  then  only  on  express  authorization 
being  given  to  that  effect.  In  some  pits,  indeed,  its  use  is  absolutely  forbidden. 
Many  South  Hungarian  collieries  use  guttapercha  fuzes,  as  they  are  very  little 
dearer  than  the  fuzes  commonly  in  use,  and  are  far  safer,  because  they  give  rise  to 
very  few  sparks.  The  author  did  not  meet  with  any  of  the  numerou  systems 
devised  for  mitigating  the  sparking  of  fuzes. 

The  Lauer  friction-detonator  is  not  widely  used  in  the  Ostrau  coal-field,  and 
the  same  remark  applies  to  the  Tirman  percussion-detonator.  Electric  detonators, 
which  have  been  hitherto  made  use  of  exceptionally  in  sinking  shafts  and  in  drifts, 
have  of  late  (at  the  instance,  mainly,  of  some  of  the  mining  authorities)  been  used 
for  other  work  also.  The  author  recites  various  objections  to  them,  but  points 
out  that  at  one  company's  collieries  in  the  Ostrau  coal-field,  electric  detonators  of 
British  manufacture  are  used,  in  which  the  current  produces  too  feeble  a  spark  to 
ignite  even  fire-damp.  When  several  electrically-ignited  shots  are  fired  at  one 
time  the  single  l'eport  often  masks  the  miss-fires,  and  to  this  cause  may  be 
attributed  some  of  the  accidents  which  have  happened  in  the  South  Hungarian 
collieries.  Shot-firing  by  electricity  is  regarded  as  expensive,  the  detonator 
complete  costing  2|d.,  and  the  most  usual  type  (No.  1)  of  the  Nobel  machine  is 
prioed  at  about  £5  10s. 

Of  the  various  precautionary  regulations  as  to  shot-firing,  the  author  regards 
as  one  of  the  most  important  the  employment  of  officials  whose  sole  duty  it  is  to 
do  the  blasting  work,  and  who  have  to  test  carefully  the  atmosphere  of  the  working- 
place  for  fire-damp  before  firing  a  shot.  This  arrangement  is  in  force  at  most 
collieries,  but  the  author  holds  that  it  should  be  compulsorily  enforced  in  all. 

Explosives.  — Ordinary  blasting-powder  is  practically  tabooed  in  the  fiery  mines, 
because  to  its  use  are  attributed  many  fire-damp  and  coal-dust  explosions.  Com- 
pressed blasting-powder,  largely  used  in  the  Rossitz  coal-field,  is  handy  and  cheap, 
but  it  is  even  more  dangerous  in  the  preseuce  of  fire-damp. 

Dynamite  is  of  extremely  common  use  in  the  fiery  mines  of  Austria-Hungary. 
Water-stemming,  probably  on  account  of  the  excessive  care  necessary  in  its  mani- 
pulation, has  been  adopted  only  here  and  there,  and  moss-stemming  has  found 
equally  little  favour. 

Among  the  explosives  based  on  the  principle  that,  owing  to  the  mixture  with 
a  salt,  the  vapour  arising  from  the  water  of  crystallization  cools  down  the  heated 
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gases,  soda-wetter-dynamit  is  much  in  request  in  the  Ostrau-Karwin  district.  But 
it  is  not  universally  so  :  this  form  of  wetter-dynamit  is  costly,  it  cannot  be  stored 
for  more  than  four  weeks  without  losing  much  of  its  explosive  power,  and  its 
shattering  force  is  small.  Moreover,  the  author  observes  that  soda-crystals 
already  begin  to  lose  their  water  of  crystallization  before  a  temperature  of  3-1  degs. 
C.  (93  degs.  Fahr.)  is  reached.  Nevertheless,  he  regards  it  as  the  safest  and  most 
efficient  of  the  so-called  safety-explosives. 

As  regards  the  nitrate  of  ammonium  explosives,  experiments  have  been  made  and 
are  now  being  continited  under  the  auspices  of  the  Fire-damp  Commission  sitting 
at  Rossitz  and  Ostrau.  The  author  remarks  that  all  high  explosives  have  this  dis- 
advantage that  sometimes  they  do  not  explode  at  all,  but  deflagrate  (burn  away 
with  a  hot  flame).  Then,  too,  in  all  safety-explosives,  as  the  blasting-power  is 
increased,  the  degree  of  safety  is  lowered  :  the  safer  an  explosive  is,  the  less  easily 
does  it  explode,  and  therefore  the  stronger  must  be  the  detonators  used  until  they, 
too,  practically  assume  the  form  of  small  cartridges  of  dangerously  explosive 
material. 

Safety -lamps. — The  Wolf  benzine  lamp  is  mostly  used  in  the  collieries  of  the 
Ostrau-Karwin  district  and  in  the  pits  belonging  to  the  Hungarian  State  Railwav 
Company.  It  gives  a  very  good  light,  can  be  kept  cleaner  than  the  ordinary  oil- 
lamp,  and  consequently  allows  of  a  gauze  of  smaller  mesh  being  used  (a  circum- 
stance which  makes  it  much  safer).  Thanks  to  the  mechanism  by  means  of 
which  the  miner  may  relight  his  lamp,  even  when  locked,  miners  have  over  and 
over  again  been  enabled  to  flee  from  the  onrush  of  noxious  gases.  As  a  fire-damp 
indicator,  the  author  considers  the  Wolf  superior  to  the  Mueseler  lamp.  He  gives 
the  following  table  of  experiments  conducted  with  the  former  lamp  at  the  Wilhelm 
shaft  of  the  Emperor  Ferdinand  Northern  Railway  Company,  at  Polnisch-Ostrau  : — 


Velocity  of 

So.  of 

Percentage 

Air-current  in 

Remarks.                                Results. 

Experiment. 

of  Pit  Gas. 

Feet  per 

Second. 

1 

n 

14f 

Two  steel-wire  gauzes.    Lamp  extinguished. 

2 

8J 

32  -S 

Do.                      Wire  gauze  melted. 
Glass  broken. 

3 

8i 

32-8 

Brass     rider    ^    inch               Do. 
thick    between    the 
lamp-reservoir     and 
the   glass    chimney. 
One  steel-wire  gauze.  ' 

4 

8 

16-4 

Do.                      Extinguished. 

5 

8 

16-4 

Rider    between    glass               Do. 
chimney  and  gauze. 
One  steel-wire  gauze. 

6 

H 

32-8 

Do. 

Wire  gauze  glow- 
ing for  1  minute. 
Glass     cracked. 

Lamp    went   on 

burning. 

7 

8 

16-4 

Aperture,  with  gauze,     Glass  broken. 
+  inch  in  diameter.  : 
Aperture      directed 

against  the   air-cur- 

rent.         One    wire 

gauze. 

8 

5 

16-4 

Do.                      After    glow    of    1 
minute     of    the 
wire  gauze,  glass 
broken. 
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The  average  velocity  of  the  air  in  the  Ostrau  pits  is  14f  to  16i  feet  per  second. 
The  above  results  are  reassuring,  inasmuch  as  they  show  that  the  glass  does  not 
break  until  the  wire-gauze  has  become  red-hot,  and  the  miner  who  is  aware  of  the 
danger  has,  therefore,  time  to  shield  his  lamp  from  the  stream  of  gases.  A  Wolf 
lamp,  specially  manufactured  for  England,  to  withstand  velocities  higher  than 
those  customary  in  Austro-Hungarian  collieries,  was  also  tested  and  found  to  be 
absolutely  safe  in  air-currents  of  the  highest  velocity. 

The  atithor  admits,  however,  that  in  the  hands  of  reckless  workmen  the  benzine 
lamp  may  become  extremely  dangerous.  The  "Roumanians  employed  in  the 
collieries  of  the  Banate  swing  the  lamp  in  such  a  way  that  they  get  some  of  the 
benzine  out  of  it,  and,  notwithstanding  all  regulations  to  the  contrary,  light  their 
cigarettes  with  it.  Then,  too,  where  the  strata  being  much  dislocated,  shot-firing 
is  usually  dispensed  with,  these  fellows  manage  to  ignite  fuzes  by  spilling  and 
spurting  the  benzine  against  the  lamp-gauze,  and  sometimes — to  make  the  ignition 
start  off  better — they  stick  dynamite  to  the  wire  gauze  !  Dismissals  and  punish- 
ments have  not  availed  to  eradicate  the  evil.  In  the  very  month  following 
the  Anina  explosion,  and  in  the  very  same  district,  three  cases  occurred  of  un- 
authorized opening  of  Wolf  lamps. 

Notwithstanding  the  author's  apparent  dislike  of  the  Mueseler  lamp,  he  points 
out  that  it  has  been  used  for  many  years  in  the  Rossitz  district,  and  no  accident 
has  so  far  been  traced  to  it.  The  Wolf  lamp,  on  the  other  hand,  was  tried  there 
over  and  over  again,  but  could  not  be  used  on  account  of  the  thick  layer  of  coal- 
dust  which  settled  all  over  the  lamp. 

The  Pieler  lamp,  though  an  excellent  gas-indicator,  proved  too  dangerous  for 
the  collieries  of  the  Banate,  and  it  cannot  well  be  entrusted  to  ordinary  miners. 
The  lamp  fires  with  even  as  little  as  H  per  cent,  of  fire-damp. 

Eh.ctric  Lighting. — Fixed  installations  have  been  put  down  in  two  collieries. 
In  order  to  prevent  ignition  of  mine  gases  by  the  breakage  of  incandescent 
lamps,  glycerine  is  made  to  fill  the  space  between  the  protecting  glass  and  the 
lamp  itself.  As  regards  portable  electric  lamps,  experiments  on  a  large  scale  are 
being  made  by  the  Fire-damp  Commission  at  Rossitz  and  Ostrau.  One  of  the 
best  appears  to  be  the  Bristol  lamp  in  use  at  the  Karwin  colliery :  it  is  said  to 
burn  from  eight  to  twelve  hours  with  2i  normal  candle-power,  but  is  often  found 
by  experiment  to  give  out  after  four  hours  ;  the  weight  is  5^  lbs.  The  great 
drawback  of  the  electric  lamp  is  that  it  can,  of  com*se,  give  no  indication  of  the 
state  of  the  surrounding  atmosphere.  But  the  author  regards  its  counterbalancing 
advantages  as  so  numerous  that  he  prophesies  its  extended  use  in  the  future,  if 
it  be  supplemented  by  a  good  fire-damp  indicator. 

Air-tightness  of  Safety-lamps. — The  testing  of  safety-lamps,  etc.,  for  air-tightness 
by  means  of  currents  of  compressed  air  should  be  made  compulsory  in  all  fiery 
mines. 

Standard  Safety-lamps. — Neither  the  Austrian  nor  the  Prussian  Fire-damp 
Commission  have  thought  fit  to  recommend  a  standard  safety-lamp  for  fear  of 
checking  the  invention  of  new  lamps  or  the  modification  of  existing  forms. 
Nevertheless,  the  author  points  out  that  a  period  of  stagnation  seems  to  have  set 
in,  and  that  in  view  of  the  extreme  variety  of  form  and  character  of  the  several 
lamps  in  ttse,  the  question  of  setting  up  a  standard  lamp  is  ripe  for  further  con- 
sideration. He  holds  that  the  Wolf  benzine  lamp,  slightly  modified,  is  the  one 
which  best  fulfils  all  the  requisite  conditions. 

'ation. — One  of  the  essential  preliminary  conditions  of  a  good  system  of 
ventilation  is  the  early  commencement  of  exploring  work,  so  as  to  relieve  as  far  as 
possible    the    coal-seams    of    gas    before    winning    and    pannel-working    are    in 
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full  swing.  The  author  commends  in  this  respect  the  system  of  pillar-and-stall 
work  adopted  in  most  of  the  Austrian  fiery  mines.  But  this  system  cannot  be 
pursued  in  the  South  Hungarian  collieries,  where  the  pressure  of  the  strata  is 
perhaps  unparalleled  in  Europe  ;  the  extent  of  this  pressure  may  be  gauged  by  the 
enormous  consumption  of  pit-props  in  the  Anina-Steierdorf  district,  where  36 
cubic  feet  of  timber  is  required  for  every  10  tons  of  coal  produced.  The  author 
describes  the  method  adopted  for  splitting  the  air-currents,  and  discusses  further 
the  system  of  working  the  South  Hungarian  collieries.  On  account  of  the  steep 
inclination  of  the  seams,  overhand  stopeing  with  packing  is  much  in  favour. 

Precautionary  Measures  against  Coal-dust  Explosions. — The  Rossitz  collieries, 
although  not  particularly  fiery,  are  reckoned  among  the  fiery  mines  by  the 
authorities,  on  account  of  their  easily  inflammable  coal-dust.  The  author  wit- 
nessed a  coal-dust  explosion  brought  about  in  the  experimental  gallery  at  the 
Segengottes  pit.  The  extremely  fine  powdery  dust  was  strewed  along  the  floor 
for  about  33  feet  and  ignited  with  compressed  blasting-powder.  This  produced  a 
flame  about  98  feet  in  length.  He  remarks  that  a  dark  red  flame,  a  large  amount 
of  coke  incrustation,  and  fumes  of  after-damp  appear  to  be  the  characteristics 
distinguishing  a  coal-dust  explosion  pure  and  simple.  All  possible  means  of 
preventing  such  explosions  have  been  tried,  and  tried  in  vain,  at  the  Rossitz  mines 
during  many  years  past,  and  now  no  further  attempt  is  made  to  guard  against 
disaster  by  exceptional  precautions.  Watering  by  a  fixed  system  and  watering 
hy  portable  apparatus  both  proved  costly  in  the  extreme,  as  well  as  dangerous,  on 
account  of  the  large  quantity  of  water  that  had  to  be  used,  the  damage  done  to 
the  coal,  etc.  Steam  and  water,  and  hot  water,  proved  equally  unsatisfactory.  It 
must  be  borne  in  mind  that  the  coal-dust  in  these  pits  is  of  an  entirely  different 
character  from  that  in  the  Westphalian  and  Saar brack  collieries  where  the 
watering  system  is  successfully  applied.  The  author  made  an  experiment  with 
coal-dust  (no  pit-gas  being  present),  and,  with  a  charge  of  8  ounces  (230  grammes) 
of  blasting-powder,  dust  strewed  over  a  length  of  13  feet  gave  a  flame  59  feet  long. 
Watering  is  out  of  the  question  here,  as  the  water-supply  is  so  scanty  that  even 
the  quantity  necessary  for  the  boilers  has  to  be  brought  from  great  distances. 

Measures  to  be  Adopted  in  the  Event  of  an  Explosion. — The  author  points  out 
that  the  special  instructions  posted  up  in  most  fiery  mines  are  often  impracticable, 
by  reason  of  the  very  minuteness  of  their  detail.  What  is  really  the  best  thing  to 
be  done  depends  upon  the  particular  circumstances  of  each  case.  He  points  out 
further  how  necessary  it  is  that  not  only  the  overmen,  but  every  collier  who  goes 
down  the  pit,  should  have  in  his  mind  the  plan  of  the  larger  spaces  and  of  the 
galleries  or  drifts  leading  to  neighbouring  shafts. 

The  clothing  of  the  miners  has  its  importance  from  the  point  of  view  of  burns. 
Experience  shows  that  it  is  the  unprotected  portions  of  the  body  that  suffer  the 
most  serious  scorching  from  the  flame  of  the  explosion  ;  next  in  order  are  those 
portions  to  which  the  clothing  fits  tightest,  such  as  the  wrists  and  the  part 
between  throat  and  breast.  Woollen  or  fustian  garments,  impregnated  with  coal- 
dust,  spread  the  flame  and  burn  like  tinder.  The  supply  of  fresh  air  ought, 
therefore,  to  be  such  that  the  miner  need  not  work  half  naked,  and  he  ought  to 
wear  clothes  of  a  light,  smooth-textured  material  which  does  not  readily  take  up  dust. 

The  author  concludes  with  some  remarks  on  rescue  work,  on  the  building  of 
temporary  dams,  and  on  the  flooding  of  mines  for  extinguishing  fires. 

Mr.  Lamprecht's  views  with  regard  to  shot-firing  and  safety-lamps  in  fiery- 
mines  are  in  part  controverted  by  the  Saxon  engineer,  Mr.   J.  Treptow.*      He 

*  Oesterrcichische  Zeitschrift  fur  Berg-  und  Euttenwesen,  1895,  vol.  xliii.,  page  93 

VOL.  XLV  -18V'5-E6.  b 


20         NOTES  OF  PAPERS  IN  COLONIAL  AND  FOREIGN 

considers  that  electric  ignition,  and  the  consequent  sparking,  is  unattended  with 
risk  in  atmospheres  wherein  the  Pieler  lamp  indicates  no  fire-damp.  He  further 
points  out  that  in  Saxon  mines  shot-firing  is  forbidden  so  long  as  any  fire-damp  is 
shown  by  that  lamp.  Placed  in  careful  hands,  it  need  not  be  regarded  as  in  any 
sense  dangerous,  and  it  is  valued  in  all  Saxon  mines  as  a  most  sensitive  fire-damp 
indicator.  Then,  as  to  the  shaking  of  benzine  out  of  the  Wolf  lamp,  that  he  avers 
to  be  only  possible  when  the  reservoir  contains  more  benzine  than  the  wick  can 
absorb ;  but  this  need  not  happen  at  all  if  the  lamp  be  properly  cleaned  and 
properly  filled.  Unauthorized  opening  of  the  lamps  has  not  been  known  to  occur 
so  far,  at  any  rate  in  the  Zwickau-Oberhohndorf  districts  of  Saxony  ;  the  method 
of  supervision  is  very  strict,  and  a  culprit  could  hardly  escape  discovery. 

0.  S.  E. 


EXPLOSION  AT  THE  ANINA  COLLIERY  (SOUTHERN  HUNGARY). 

Ueber  die  am  20ten  October,  1894,  am  Ronnaschacht  in  Anina  erfolgte  Gruben- 
katastrophe.  By  A.  Zsigmondy.  Oesterreichische  Zeitschrift  fur  Berg-  unci 
Hilttenwesen.  1895,  pages  89-91,  and  Plate  III. 

On  October  20th,  1894,  at  4"30  a.m.,  an  explosion  took  place  in  the  first  level 
of  the  Ronna  shaft  at  the  Anina  colliery,  belonging  to  the  Austro-Hungarian  State 
Railway  Company.  Thirty-nine  persons  were  killed  on  the  spot,  and  thirty-one 
seriously  injured,  nine  of  whom  afterwards  died.  This  was  the  greatest  colliery 
disaster  so  far  known  in  Hungary. 

From  the  Ronna  shaft  and  from  both  the  Thinnfeld  shafts  the  northern  portion 
of  the  Anina-Steierdorf  Liassic  coal-field  is  worked.  The  main  coal-seam  (12  feet 
thick)  is,  in  the  district  where  the  explosion  occurred,  separated  by  23  to  26  feet 
of  strata  from  the  top  seam  (5  feet  thick).  Both  seams  are  very  pure,  and  are 
dusty  and  fiery.  On  burning,  the  coal  leaves  5  to  6  per  cent,  of  incombustible 
residue. 

The  mine  is  ventilated  by  means  of  a  Geisler  fan,  11^  feet  in  diameter,  erected 
at  the  Thinnfeld  No.  2  shaft.  At  its  normal  speed  of  55  revolutions  per  minute, 
it  passes  more  than  46,600  cubic  feet  of  air  per  minute  (half  of  this  amount  is 
accounted  for  by  the  Ronna  shaft),  the  water-gauge  being  2  36  inches.  This  fan, 
as  indeed  all  others  in  use  in  the  Anina  and  Reschitza  coal-field,  is  provided  with 
an  Ochwadt  automatic  water-gauge,  which  considerably  facilitates  the  checking 
of  the  depression.     Daily  barometric  observations  are  made  at  the  mine. 

The  lights  used  in  the  pit  are  in  part  Mueseler  safety-lamps  with  one  gauze 
and  chimney,  and  in  part  Thinnfeld  safety-lamps,  a  modification  of  the  Mueseler 
with  one  gauze  and  no  chimney.  It  is  intended  to  introduce  the  Wolf  benzine 
lamps,  which  are  in  use  at  all  the  other  collieries  belonging  to  the  company  in  the 
Anina  and  Reschitza  coal-field.  For  precautionary  reasons  the  use  of  the  Pieler 
spirit-lamp  as  a  fire-damp  indicator  has  been  dispensed  with.  The  Wolf  benzine 
lamp  is  perfectly  adequate  for  that  purpose,  and  it  has  this  advantage  in  com- 
parison with  other  safety-lamps,  particularly  after  the  occurrence  of  an  explosion, 
that,  though  it  be  closed,  the  miner  can  relight  it  himself. 

The  explosion  happened  immediately  before  the  replacing  of  the  night-shift  by 
the  day-shift.  A  miner,  disobeying  the  strict  regulation  that  no  blasting  is  to 
take  place,  unless  permission  be  previously  obtained,  had,  without  authorization, 
fired  a  shot  by  means  of  tinder-fuze,  flint,  and  steel.  His  body  was  discovered  a 
few  feet  away  from  the  shot-hole.  The  shot-hole  was  found  partly  intact,  and  a 
portion  of  the  dynamite-charge  still  remained  in  it.  There  is  every  reason  for 
assuming  that   the   shot,  whether  fired  prematurely  or  clumsily  handled  after 
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appearing  to  miss-fire,  brought  about  a  coal-dust  explosion.  It  should  be 
mentioned  that  the  main  seam  is  exceedingly  dusty,  but  does  not  emit  fire-damp 
suddenly  or  in  large  quantities.  Moreover,  so  far  as  the  top  seam  is  concerned, 
there  were  no  burns  on  the  bodies  found  at  the  workings  in  it,  and  this  is  certain 
evidence  that  the  fire-damp  from  the  top  seam  had  no  share  in  the  explosion. 

The  destruction  of  ventilating-brattices  by  the  force  of  the  explosion  opened  a 
shorter  passage  to  the  air  in  the  Ronna  shaft,  and  the  water-gauge  connected  with 
the  Geisler  fan  at  the  Thinnwald  No.  2  shaft  sank  from  2 '36  to  1*58  inches.  The 
barometer  was  rising  at  the  time  of  the  disaster. 

As  a  consequence  of  the  explosion,  a  fire  broke  out  in  the  Thinnfeld  No.  8 
level,  and  the  damming  off  of  the  western  portion  of  the  pit  between  that  level 
and  No.  7  level  was  proceeded  with  two  hours  after  the  accident.  Hardly  had  a 
temporary  clay  dam  (5  feet  thick)  been  erected  than  a  second  explosion  occurred, 
but  the  dam  did  not  give  way.  That  part  of  the  pit  which  was  on  fire  was 
afterwards  flooded  with  water  by  means  of  f  inch  iron  pipes,  and,  after  extinction 
of  the  flames  and  lowering  of  the  water-level,  the  remaining  bodies  of  the  victims 
were  brought  to  day,  that  sad  work  being  finished  on  December  21st,  1894. 

A  sample  of  gas,  taken  six  weeks  after  the  damming  operations,  from  a  pipe 
inserted  in  the  clay  dam  at  Thinnfeld  level  No.  7,  yielded  the  following  analysis  : 
— Carbonic  acid  gas,  0-9  per  cent.;  oxygen,  0-4  per  cent.;  carbon  monoxide,  0-5 
percent.;  methane,  6-3  per  cent.;  and  ethane,  3*2  per  cent.  The  gases  had  an 
intensely  disagreeable  pungent  odour,  "not  unlike  that  proceeding  from  dead 
bodies. " 

The  miners  are  henceforth  forbidden  to  touch  any  blasting-materials  whatever, 
and  these,  as  well  as  the  conduct  of  all  shot-firing  operations  in  the  pit,  remain  in 
the  hands  of  officials  specially  appointed  for  that  purpose.  0.  S.  E. 


RECOVERY  OF  THE  KARWIN  COLLIERY. 

Geioaltigungsarbeiten  in  dem  Stcinkohlenberghaue  zu  Karwin.  By  Joha>>~  Kohout 
and  Johaxk  Pilak.  Oesterrekhische  Zeitschrift  fur  Berg-  und  Huttenwesen, 
1895,  vol.  xliii.,  pages  311-314,  327-330,  342-345,  353-357,  364-368,  379-383, 
394-399,  and  409-411. 

Shortly  after  the  disaster  at  the  Karwin  colliery  on  June  14th,  1894,  a  Com- 
mission was  appointed  to  institute  and  superintend  the  work  of  recovery  which,  in 
the  interest  of  all  parties  concerned,  it  was  desirable  to  expedite  as  much  as 
possible. 

After  giving  careful  consideration  to  the  various  methods  practicable,  preference 
was  finally  accorded  to  that  of  direct  ventilation  of  the  shafts  furthest  removed 
from  the  seat  of  the  explosion  and  fire,  it  being  found  that  flooding  the  mine  would 
occupy  the  greater  part  of  two  years  and  the  subsequent  removal  of  the  water 
nearly  a  year  longer  with  the  appliances  at  hand.  Accordingly,  after  pumping  for 
over  a  week  to  clear  the  flooded  No.  5  level,  an  exploring  party  entered  the 
Tiefbau  shaft,  at  the  extremity  of  the  western  section  of  the  mine,  visited  the 
Nos.  2,  3,  4,  and  5  levels,  and  commenced  the  erection  of  stoppings.  On  the  first 
and  second  days,  the  increase  in  the  amount  of  carbon  dioxide  in  the  air  of  the 
shaft  obliged  the  workers  to  withdraw,  and  then  a  further  delay  of  a  week  was 
occasioned  by  a  breakage  of  the  pumps.  The  Franziska  shaft  was  opened  for  the 
purpose  of  relieving  the  pressure  of  gas,  but  caution  was  exercised  to  preveDt  too 
much  air— tending  by  gravity  to  displace  the  lighter  gas — penetrating  to  the  fire. 
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To  this  end  stoppings  were  erected,  the  men  working,  when  necessary,  in  3  hours' 
shifts,  and  wearing  Bremen  respirators,  fed  with  air  under  slight  pressure.  As 
the  stoppings  were  insufficiently  strong  to  prevent  the  air  leaking  through  (the 
depression  exceeding  T20  inches)  it  was  found  necessary  to  strengthen  them 
with  masonry,  and  by  the  end  of  three  weeks  about  seventeen  were  completed,  of 
cemented  brickwork  12  to  24  inches  thick,  isolating  the  Tiefbau  shaft,  which  was 
now  in  a  condition  for  the  resumption  of  coal-winning. 

On  July  22nd  a  quanity  of  vapour  ascended  through  the  ventilator  of  the 
Franziska  shaft,  and  the  next  day  the  explorers  noticed  repeated  sharp  alternations 
in  the  air-current  down  in  the  levels,  culminating  in  a  sudden  rush  of  after-damp 
from  the  No.  3  or  No.  4  level,  which  indicated  an  extension  of  the  fire  through 
access  of  air.  The  men  were  obliged  to  leave  the  shaft  on  account  of  the  smoke, 
and  on  arriving  at  bank  began  to  close  the  pit-mouth  and  extinguish  the  engine 
fires,  when  four  or  five  explosions  occurred  in  the  mine,  blowing  away  the 
ventilator-caps  of  the  Franziska  and  Tiefbau  shafts  and  causing  the  minei's  — at 
work  in  the  latter  for  the  first  time — to  retire  as  quickly  as  possible.  The  result 
of  these  explosions  was  to  delay  the  work  of  recovery,  undoing  the  labour  of  six 
weeks  in  a  few  minutes. 

Seeing  the  direct  ventilation  method  thus  unsuccessful,  the  Commission  resolved 
to  adopt  compressed-air  respirators,  selecting  the  Bremen  form  of  apparatus, 
supplied  by  air-compressors  of  the  Brown  and  Stanek  types.  The  air  pumped  at 
75  pounds  pressure  into  iron  reservoirs,  large  enough  to  contain  1^  hours'  supply, 
could  be  reduced  by  the  valves  employed  down  to  an  excess  pressure  of  3  pounds. 
Extra  hand-pumps  were  provided,  and  the  cage  fitted  with  an  air-reservoir  for  use 
in  case  of  breakdown  of  the  machinery  or  tubing,  and  extra  branches  at  each  level 
were  affixed  to  the  main  air-trunk  with  the  same  object.  The  air-supply  requisite 
for  each  man  per  minute  was  ascertained  in  practice  to  be  5  cubic  feet  (150  litres) 
or  some  fifteen  times  the  amount  actually  necessary  for  respiration,  the  surplus 
being  expended  in  ventilating  and  cooling  the  mask  of  the  respirator.  For  lighting 
the  men  at  their  work  Bristol  secondary  electric  lamps  were  used,  and  an  electric 
system  of  signalling  was  installed  to  facilitate  communication  between  the  explorers 
and  the  bank. 

Towards  the  end  of  August  everything  was  ready  for  the  resumption  of  work, 
but  little  progress  was  made  at  first,  owing  to  the  failure  of  an  attempt  to  isolate 
the  Franziska  shaft  by  stopping  the  ends  of  several  seams  at  the  No.  3  level. 
Walling-up  the  way-ends  and  the  levels  succeeded  better,  and  as  soon  as  these 
stoppings  were  found  to  be  effectual  the  shaft  was  ventilated  by  means  of  a  steam 
exhauster  and  zinc  air-pipes,  to  insert  which  the  cage  had  to  be  removed  and 
replaced  by  one  lighter  but  still  strong  enough  to  carry  a  load  of  600  bricks  in 
two  tubs.  The  pipes,  down  to  a  depth  of  about  600  feet,  were  single  zinc  pipes, 
25£  inches  in  diameter,  with  collar  and  socket-joints  and  three  iron  collars  in  each 
length  to  impart  greater  rigidity.  Below  this  depth  two  pipes  of  sheet  iron,  each  12 
inches  in  diameter,  were  used.  For  horizontal  work  and  where  weight  is  not  a 
consideration,  this  metal  is  cheaper  and  better  than  zinc,  which  is  easily  damaged. 
Before  being  connected  with  the  pipes,  the  exhauster  had  a  capacity  of  48,000 
cubic  feet  of  air  per  minute,  and  the  completed  apparatus  drew  at  the  No.  4 
level  3,200  cubic  feet  per  minute  under  0"40  inch  of  depression,  and  9,200  cubic 
feet  under  3  54  inches  of  depression  measured  at  the  surface,  the  average  working 
pressure  being  about  2  inches  of  water. 

To  counteract  the  depression  behind  the  barriers,  beyond  which  the  work  of 
recovery  was  proceeding,  a  kind  of  buffer  space  was  created  by  the  erection  of 
double  barriers  with  doors,  the  same  means  being  adopted  in  the  eastern  section 
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of  the  pit  for  the  opposite  purpose,  viz. ,  to  regulate  the  compression  of  the  after- 
damp proceeding  from  the  burning  coal.  One  part  of  the  work  attended  with 
some  difficulty  was  the  removal  of  water  accumulated  from  the  direction  of  the 
Tiefbau  shaft  and  backed  up,  sometimes  over  3  feet  deep,  by  heaps  of  debris. 
To  get  rid  of  this  water  without  allowing  air  to  flow  in  through  the  water- 
channels,  sliding  shutters  were  fixed  at  the  barriers  and  dropped  into  the  channels, 
cut  deeper  at  these  points  to  form  a  water-seal.  Most  of  the  debris  was  removed 
from  the  pit  and  the  remainder  piled  up  in  drifts  and  in  vacant  spaces. 

The  bodies  when  found  were  enveloped  in  cloths  drenched  with  disinfectant 
(carbolic  acid  was  first  used,  and  was  afterwards  superseded  by  the  non-poisonous 
lysol),  nailed  up  in  coffins  and  sent  up  to  the  surface  for  interment.  The  men 
engaged  in  their  removal  wore  indiarubber  gloves,  and  every  precaution  was 
taken,  under  the  superintendence  of  a  doctor,  to  avoid  contagion.  The  dead 
bodies  of  horses  were  also  disinfected  and  placed  in  zinc-lined  wooden  cases  on 
wheels.  To  ventilate  the  space  where  dead  horses  were  found,  fresh  stoppings 
were  erected,  and,  after  the  old  ones  had  been  pulled  down,  a  strong  draught  was 
induced  by  working  the  ventilator  up  to  3£  inches  of  depression. 

On  running  off  a  considerable  accumulation  of  water,  collected  behind  stoppings 
in  the  No.  4  level,  an  increase  in  the  amount  of  carbon  dioxide,  with  a  concurrent 
decrease  of  oxygen,  and  an  alteration  of  pressure  from  0  80  inch  of  depression  to 
0  40  inch  of  compression,  was  produced  in  the  Tiefbau  shaft,  the  after-damp  from 
the  burning  section  having  flowed  into  the  vacuum  caused  by  the  removal  of  the 
water.  A  number  of  tables  showing  the  composition  of  the  atmosphere  in  the 
shafts  are  given  in  the  report,  the  conclusion  drawn  from  the  observations  recorded 
being  that  whenever  the  atmospheric  pressure  diminished,  the  ratio  of  carbon 
dioxide  to  oxygen  was  increased  and  vice  versa. 

From  the  middle  of  September  to  the  end  of  October  further  progress  was 
made  in  the  isolation  of  the  Tiefbau  and  Franziska  shafts  in  all  directions  where 
ventilation  tests  revealed  the  existence  of  connexion  with  the  seat  of  the  fire,  and 
two  explosion-proof  stoppings  were  built,  on  the-Nos.  2  and  3  levels,  of  solid 
cemented  masonry,  about  5  feet  thick,  with  a  convex  face  on  the  side  nearest  the 
fire,  so  that  towards  the  middle  of  December  the  work  in  these  two  shafts  was 
completed.  Thereupon  the  ventilating  pipes  were  removed,  the  large  cage  again 
placed  in  the  shaft,  and  clearing  up  the  recovered  workings  pushed  on,  until  by 
the  end  of  the  year  the  resumption  of  coal-getting  was  practicable. 

Meanwhile,  the  preliminary  examination  of  the  eastern  shafts  (Carl  and 
Johann)  had  been  undertaken  and  the  cage  in  the  latter  found  to  be  stuck  fast  at 
a  depth  of  about  900  feet  near  the  No.  6  level. 

In  the  former  shaft,  work  was  now  begun  with  the  respirators,  the  procedure 
being  in  all  respects  similar  to  that  in  the  western  section.  Directly  the  stoppings 
were  erected,  a  considerable  amount  of  gas-pressure  developed  in  the  burning 
portion  of  the  pit,  necessitating  the  boring  of  apertures  through  the  explosion - 
proof  barriers,  and  the  provision  of  pipes  to  convey  the  gas  to  a  safe  distance 
above  the  suface.  The  proportion  of  marsh-gas  in  the  galleries  was  very  high, 
amounting  to  between  40  and  60  per  cent. ,  but  the  constant  access  of  air  through 
the  barriers  when  opened  for  the  passage  of  the  workmen  reduced  this  down  to 
within  the  explosive  limit,  and  great  care  was  therefore  exercised— by  protecting 
the  accumulator-lamps,  searching  the  men  for  matches,  etc.— to  guard  against 
another  explosion.  In  the  Carl  shaft,  the  accidental  breaking  of  a  lamp  caused  an 
explosion,  injuring  11  workmen,  but  fortunately  the  effects  were  only  local. 

It  is  mentioned  that  the  electric  lamps  of  English  manufacture  proved  more 
reliable  than  those  obtained  from  Vienna,  the  latter  requiring  to  be  re-charged  at 
the  end  of  2,  or  at  most  3,  hours,  instead  of  6. 
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The  result  of  the  work  so  far  has  been  to  shut  off  the  burning  seams  from  both 
the  eastern  and  western  sections  of  the  pit,  and  enable  coal-getting  to  be  resumed. 
Efforts  will  now  be  made  to  still  further  contract  the  fire  area,  but  this  work  will 
be  tedious,  and  it  is  stated  that  the  disaster  wrought  by  the  June  explosion  will 
require  years  to  remedy.  C.  S. 


MINE  EXPLOSIONS  GENERATED  BY  GRAHAMITE  DUST. 

By  William  Glenn.     Transactions  of  the  American  Institute  of  Mining  Engineers, 
1894,  vol.  xxiv.,  jyages  195-207. 

The  vein  of  grahamite  is  a  straight  and  vertical  fissure  about  4  feet  wide,  which 
cuts  downward  across  the  horizontal  strata  of  shales  and  sandstones  forming  the 
upper  barren  Coal-measures  of  West  Virginia.  Grahamite  is  a  form  of  asphalt  or 
mineral  pitch.  The  method  of  working  called  "  standing  breasts  "  resembles  the 
overhead  stoping  of  the  metal-miner  and  consists  in  starting  a  stope  from  a  lower 
level  and  carrying  it  upwards  to  the  level  above ;  the  miner  stands  on  the  material 
he  has  already  broken  down  and  works  at  that  above  his  head.  Ribs  are  left 
between  the  stopes  and  the  material  is  run  through  a  shoot  into  the  level.  The 
mine  was  absolutely  dry  and  exceedingly  dusty,  moreover,  the  dust  was  of  such 
an  inflammable  nature  that  it  would  often  ignite  at  the  naked  lights  of  the  loaders 
when  filling  the  cars. 

The  first  explosion  was  caused  by  the  use  of  blasting-powder,  which  ignited 
the  dust  in  one  of  the  rooms,  whence  a  sheet  of  flame  travelled  through  the  mine 
and  on  reaching  the  outer  air  and  mixing  with  sufficient  oxygen,  it  immediately 
exploded  with  tremendous  force  and  covered  everything  around  with  a  coating  of 
coke. 

No  gas  had  been  found  in  the  mine,  it  was  therefore  assumed  that  the  blast 
pulverized  a  great  deal  of  the  dry  vein-matter,  which  immediately  decomposed  into 
coke  and  inflammable  gas. 

After  the  explosion,  no  more  shots  were  fired  in  the  vein  matter,  but  blasting 
had  to  be  resorted  to  in  widening  the  side  walls  ;  this,  however,  was  only  done  by 
the  shot-firer,  and  when  no  one  else  was  in  the  mine. 

A  second  explosion  of  a  similar  character  occurred  two  years  afterwards,  in 
which  the  shot-firer  and  3  others  who  remained  in  the  mine,  contrary  to  orders, 
were  killed. 

The  force  of  the  explosion  may  be  gathered  from  the  fact  that  an  oaken  board 
was  driven  along  one  of  the  levels  and  hurled  on  to  the  hillside  across  a  valley 
500  feet  wide.  A  mine  car  was  driven  90  feet  horizontally  and  broken  to  splinters, 
the  cast-iron  car-wheels  being  broken  by  impact  against  soft  earth. 

A.  W.  G. 

EXPERIMENTS  FOR  DETERMINING  THE  REFRACTORINESS  OF 

FIRECLAYS. 
By  H.  O.  Hofman  and  C.  D.  Demond.  Transactions  of  the  American  Institute  of 
Mining  Engineers,  1894,  vol.  xxiv.,  pages  42-66. 
The  two  methods  of  determining  the  fusibilitj'  or  refractoriness  of  fireclays  are 
the  theoretical  and  the  experimental.  In  the  former,  conclusions  are  drawn  from 
the  chemical  composition  ;  in  the  latter,  from  the  changes  which  the  clay  undergoes 
when  subjected  to  intense  heat.  The  fire-resisting  power  of  a  clay,  considered 
from  a  chemical  point  of  view,  depends,  first,  upon  the  character  of  the  fluxing 
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constituents  and  their  relation  to  alumina  and  silica,  and,  secondly,  on  the  relation 
of  the  alumina  and  silica  to  one  another. 

The  method  adopted  by  Prof.  Bischof  in  obtaining  his  refractory  quotient,  as 
also  that  of  Prof.  Seger  are  given  in  detail,  and  the  author  concludes  the  theoretical 
portion  of  the  paper  by  pointing  out  that  chemical  analysis  can  only  have  an 
approximate  value  since  clay  is  not  a  chemical  compound,  but  an  intimate  mixture 
of  several  minerals  ;  moreover,  that  analysis  necessarily  ignores  the  physical  con- 
stituents, and  therefore  that  it  must  be  supplemented  by  actual  experiment. 

Experimental  methods  are  either  direct  or  indirect.  The  direct  methods  consist 
in  heating  cones,  bricks  or  small  fragments  of  the  clay  and  noting  the  effect, 
whether  complete  fusion  or  fritting  takes  place,  or  whether  the  clay  remains 
unaltered.  The  indirect  methods  consist  in  mixing  the  clay  to  be  tested  with 
fluxing  or  refractory  substances,  until  it  shows  the  same  behaviour  in  the  fire  as  a 
given  standard  clay.  The  amount  of  ingredients  required  to  accomplish  this  will 
be  the  measure  of  the  fire-resisting  value. 

The  tests  are  made  in  clay  crucibles,  heated  in  a  Sefstrom  or  Deville  furnace, 
with  coke  or  gas-carbon,  to  temperatures  of  from  1,500  to  1,775  degs.  C. 

Prof.  Bischof,  who  originated  these  methods,  toned  down  refractory  clays  by 
the  U3e  of  finely  pulverized  quartz.  Prof.  Richters  supplemented  this  method  by 
the  use  of  pure  alumina  to  tone  up  a  low-grade  clay. 

The  disadvantages  of  these  methods — namely,  the  nicety  required  in  regulating 
the  very  high  temperatures,  the  tendency  of  the  reagent  in  the  alumina  method  to 
act  too  powerfully,  and  the  fact  that  the  silica  method  is  not  always  applicable — 
prompted  Prof.  Bischof  to  combine  the  two  and  use  an  intimate  mixture  of  equal 
parts  of  pure  silica  and  alumina.  This  does  not  soften  at  the  highest  temperatures, 
and  as  it  is  more  refractory  than  the  best  known  clay  it  will  always  tone  up  any 
clay  to  which  it  is  added. 

New  Experiments. — Hitherto,  experiments  have  always  been  carried  on  with 
extremely  high  temperatures  and  inside  crucibles,  so  that  the  sample  was  excluded 
from  view  during  the  operation,  and  changes  could  only  be  observed  by  removing 
the  crucible  from  the  fire  and  allowing  it  to  cool.  This  has  led  the  writers  (a)  to 
construct  a  furnace  in  which  the  temperatures  could  be  easily  measured  and 
controlled  and  the  samples  watched  while  the  tests  were  being  made,  and  taken 
out  or  exchanged  with  little  or  no  delay  ;  and  (6)  to  devise  a  method  of  testing 
which  did  not  require  temperatures  approximating  to  or  surpassing  the  melting- 
point  of  platinum. 

The  furnace  used  is  described  in  detail,  with  plans,  etc.  The  standard  of 
measurement  consists  in  comparing  the  results  with  Seger  cones,  of  which  a  series 
has  been  got  up,  measuring  temperatures  varying  from  1,150  to  1,700  degs.  C. :  the 
difference  between  each  cone  in  the  series  being  calculated  as  28  "9  degs.  C.  The 
temperature  indicated  by  the  cone  is  reached  when  its  apex  has  bent  down  to  its 
base. 

The  method  followed  is  based  on  the  use  of  calcium  carbonate  as  a  flux.  The 
amount  of  lime  which  it  is  necessary  to  add  to  a  weighed  quantity  of  clay  to  form  a 
fusible  compound  at  a  certain  elevated  temperature  will  form  the  criterion  of  the 
refractory  value  of  the  clay.  As  lime  is  a  very  powerful  flux,  and  would,  there- 
fore, have  a  very  strong  effect  if  added,  even  in  small  proportions,  to  a  fireclay,  it 
seemed  advisable  to  try  and  weaken  this  effect  by  diluting  with  silica  and  using 
the  mixture  instead  of  the  stronger,  pure,  calcium  carbonate.  The  paper  concludes 
with  illustrations  and  tests  of  fireclays,  kaolins,  and  brick-clajys. 

A.  W.  G. 
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DINAS  FIREBRICKS. 

Dinassteine.     By  E.    Seger  and  E.   Cramer.     Stahl  und  Eisen,   1895,  vol.  xv., 
Images  10S4-10S7,  with  figures  in  the  text. 

The  authors  lament  the  fact  that,  in  consequence  of  certain  industrial  tradi- 
tions, British-made  firebricks  are  often  preferred  by  the  German  user,  to  the 
detriment  of  the  industries  of  his  own  country.  The  so-called  Dinas  firebricks  are 
a  case  in  point :  the  raw  material,  in  the  shape  of  highly  siliceous  quartzose  rock, 
occurs  in  many  districts  in  Germany,  and  there  appears  to  be  no  valid  reason  why 
Germans  should  not  make  their  own  Dinas  bricks.  The  requisite  characteristics 
of  these  are  that  they  should  have  a  tough,  compact  texture,  possess  a  high  fusing- 
point,  contain  a  large  proportion  of  silica,  and  retain  at  all  temperatures  a  practi- 
cally constant  volume.  The  following  methods,  of  testing  were  applied  by  the 
authors : — 

(1)  For  toughness,  by  striking  with  the  hammer  till  the  brick  rings  ;  according 
to  the  sound  produced,  so  is  the  quality  of  the  material  estimated. 

(2)  For  high-fusing  point,  by  heating  small  splinters  in  the  Deville  furnace. 
This  is  practically  a  hollow  cylinder  of  highly  refractory  material,  with  an  iron 
jacket.  It  is  13|  inches  in  height,  4  inches  in  diameter  inside,  and  has  walls  2J- 
inches  thick.  Temperatures  are  gauged  by  means  of  Prof.  Seger's  normal  fusion- 
cones  :  these  are  tetrahedra,  made  up  of  mixtures  of  clay  and  sand  or  glazes,  which 
have  various  fusing-points.  A  list  of  58  of  these  cones  is  given,  with  their  chemical 
compositions  and  temperatures  of  fusion,  the  latter  ranging  from  710  degs  C. 
(1,310  degs.  Fahr.),  dark  red  heat,  to  2,180  degs.  C.  (3,956  degs.  Fahr.),  at  which 
point  clay-slate  fuses.  When  their  fusing-points  are  being  determined  or  tested, 
the  cones  may  be  conveniently  placed  in  the  Heintz  suspended  cupels,  of  which 
figures  are  given.  In  testing  the  Dinas  brick,  the  splinters  are  placed,  alternately 
with  the  test-cones,  in  a  layer  of  very  fine  kaolin-and-alumina  slime,  and  gently 
pressed  down  into  it,  at  the  bottom  of  a  fireclay  crucible.  The  latter  is  then 
placed  on  a  tripod  standing  over  the  hole  in  the  iron  plate  which  forms  the  floor  of 
the  Deville  furnace.  The  bellows  communicating  with  the  furnace  are  thereupon 
set  to  work,  and  the  latter  is  fired,  at  first  with  charcoal,  then  with  retort -graphite. 

(3)  For  constancy  of  volume,  Prof.  E.  Cramer's  method  of  measurement  is  used. 
This  is  based  on  the  axiom  that  with  increase  or  decrease  of  volume  is  intimately 
connected  a  fall  or  rise  of  specific  gravity.  If,  therefore,  the  specific  gravity  of 
the  firebrick  be  determined  before  and  after  firing,  the  results  will  show  by  how 
much  the  volume  has  increased  or  decreased.  The  authors  work  out  numerically  a 
sample-test  to  show  how  the  method  is  applied. 

Altogether,  five  varieties  of  Dinas  firebricks  were  tested,  two  of  which  were 
of  British  origin,  two  were  manufactured  at  Eschweiler,  and  one  at  Homberg. 
Chemical  analyses  gave  the  following  results  : — 


Silica. 

Alumina  and 
Ferric  Oxide. 

Lime. 

British  No.  1 

97-40 

1-49 

1-11 

„      No.  2 

96-80 

2-23 

097 

Homberg   . . . 

95-40 

1-40 

'3-20 

Eschweiler  No. 

1... 

96-24 

2-36 

1-40 

No. 

2... 

96-54 

2-03 

1-43 

All  five  fused  at  temperatures  between  2,120  degs.  and  2,150  degs.  C.  (3,848  degs. 
and  3,902  degs.  Fahr.);  no  difference  could  be  detected  in  this  respect.  But  in 
the  matter  of  constancy  of  volume  it  is  shown  that  the  German  firebricks  are 
.superior  to  the  British.  0.  S.  E. 
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MEASURING  THE  PRESSURE  OF  FIRE-DAMP  IN  THE  LIEVIN  MINES. 
Note  sur  quelques  Experiences  faites  au  Siige  No.  1  des  Mines  de  Liivin  pour 
Mesurer  la  Pression  du  Grisou  dans  la  Houille.  By  A.  Simon.  Annates  des 
Mines,  1895,  series  ix.,  vol.  viii.,  pages  218-231. 

The  experiments  herein  recorded  were  performed  by  making  bore-holes  of  about 
2\  inches  diameter  into  the  substance  of  the  coal  to,  various  depths,  and  then 
inserting  to  within  about  8  inches  of  the  bottom  of  each  a  flexible  copper  tube, 
connected  with  a  Bourdon  pressure-gauge  or  a  gas-meter.  The  space  between  the 
copper  tube  and  the  walls  of  the  boring  was  tamped  with  clay  resting  on  an  iron 
ring  brazed  on  to  the  copper  tube  and  carrying  one  or  more  rings  of  caoutchouc. 
This  tamping  proved  staunch,  but  was  difficult  to  remove  at  will,  when,  for 
example,  it  was  desired  to  deepen  the  bore-holes. 

All  the  seams  in  the  No.  1  pit  at  the  LieVin  colliery  being  about  equally  gassy, 
the  choice  of  locality  was  unimportant,  except  as  regards  relation  to  the  workings. 
It  was  decided  to  make  one  set  of  investigations  in  a  portion  still  uuworked, 
where  the  coal  would  be  solid,  and  another  series  in  a  part  of  the  workings  where 
the  operation  of  coal-getting  would  have  fissured  and  loosened  the  strata. 

For  the  first  series  the  Frederic  seam,  at  a  depth  of  1,560  feet  was  chosen,  as 
there  were  no  workings  in  this  seam,  or  in  the  superior  and  inferior  beds,  for  a 
distance  of  800  feet,  and  the  coal  was  therefore  solid  and  but  slightly  penetrable 
by  gas.  The  result?  of  observations  made  in  six  bore-holes  at  different  depths  (from 
30  to  40  feet)  indicate  that  the  pressure  of  the  gas  increases  with  the  depth  to  which 
the  boring  is  tamped,  decreasing,  as  the  tamping  recedes,  in  proportion  to  the 
permeability  of  the  coal  stratum.  In  the  present  instance  this  was  but  slight, 
the  coal  being  very  compact.  The  yield  of  gas  is,  at  any  stated  pressure, 
proportional  to  the  free  surface  at  the  bottom  of  the  bore-hole.  The  daily  readings 
of  the  pressure-gauges  during  three  months  showed  no  sensible  diminution  of 
pressure.  After  two  years  (the  bore-holes  having  been  made  in  1893)  the  average 
decrease  of  pressure  was  about  24  pounds  per  square  inch  (having  fallen  from 
59  to  35  pounds),  thus  showing  how  the  seam  is  bled  by  leakage  of  gas  into 
the  gallerj'.  A  certain  time  (about  5  or  6  days,  or  even  less),  is  required  for  the 
pressure  in  new  bore-holes  to  attain  its  maximum,  but  where  the  hole  is  left  open 
for  some  days  the  maximum  pressure  is  regained  very  slowly. 

On  measuring  the  delivery  of  gas,  by  means  of  a  meter,  it  was  found  that 
1\  cubic  feet  came  off  during  the  first  20  seconds,  falling  afterwards  to  0  3  cubic 
foot  per  hour,  the  normal  yield  being  throughout  very  feeble,  averaging  only 
0  2  cubic  foot  an  hour. 

An  examination  of  the  shale  forming  the  cover  of  the  Frederic  seam  resulted 
in  the  detection  of  merely  slight  quantities  of  gas. 

In  the  Alfred  seam,  which  is  deeper  than  the  other,  a  site  was  chosen  where  no 
workings,  other  than  those  in  the  seam  itself,  were  in  progress.  This  ensured  that 
any  disturbance  or  dislocation  of  the  coal  was  only  due  to  local  causes.  Here  the 
diminution  of  pressure  was  more  rapid,  falling  nearly  29  pounds  in  three  months, 
by  reason  of  the  removal  of  the  coal  from  the  pillar  in  which  the  holes  were  bored. 
The  yield  of  gas  per  hour  was  greater  than  in  the  Frederic  seam,  averaging 
0-7  cubic  foot,  and  this  from  a  smaller  surface  than  in  the  last-named  seam.  So 
far  from  decreasing,  in  time  the  delivery  rose,  a  circumstance  probably  due  to  the 
increased  surface  of  liberation  produced  by  the  dislocation  of  the  coal  in  the  course 
of  the  mining  operations  concurrently  carried  on. 

The  author  considers,  in  view  of  the  experience  now  gained,  that  galleries  and 
roadways,  as  well  as  bore-holes  into  the  coal,  do  not  have  much  effect  in  draining  out 
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the  gas,  and  that  a  more  efficient  way  would  be  to  increase  the  permeability  of  the 
coal  by  enlarging  the  faces  of  the  stalls,  so  that  the  shocks  produced  by  the  pick 
or  other  mining  instrument,  would  open  up  fissures  in  the  interior  of  the  mass  of 
coal  and  facilitate  the  escape  of  gas.  A  similar  effect  is  produced  by  working  a 
higher  or  lower  seam,  and  by  the  Besseges  method,  which  consists  in  shattering 
the  encasing  rocks  by  blasting  the  front  and  wall  of  the  seam.  C.  S. 


TESTING  OF  UPCAST  AIR-CURRENTS  IN  THE  SAARE  COAL-FIELD. 

Uniersuchung  der  auszieh'-nden  WetterstrGme  auf  den  Gruhengas-gehalt.  Ano>\ 
Zeitschrift  fur  das  Berg-,  Hiitten-,  und  Sallnen-wesen  im  2wens'>i>>chen  Staate, 
1894,  vol.  xlii.,  pages  222  and  223. 

The  following  table  shows  the  results  of  the  investigations  conducted  during 
the  year  1892  as  to  the  amount  of  marsh  gas  present  in  the  upcast  air-currents  at 
the  collieries  of  the  Saare  basin  :  — 


Production 
(Annual). 

Volume  of  Fire-damp  (CH«.) 

Name  of  Colliery. 

Per 

Per  Ton  of 

34  Hours. 

Per  Annum. 

Coal 

Produced. 

Tons. 

Cubic  Metres. 

Cubic  Metres. 

Cubic  Metres. 

Altenwald 

383,184 

4,194 

1,530,810 

3-995 

Burbachstollen 

136,846 

6,254 

2,282,710 

16-680 

Camphausen    . . . 

194,242 

14,589 

5,324,985 

27-414 

Dechen 

396,670 

6,825 

2,491,125 

6-280 

Dudweiler 

455,836 

14,479 

5,284,835 

11-594 

Friedrichsthal 

244,501 

2,565 

936,225 

3-829 

Geislautern 

43,246 

3,020 

1,102,300 

25-489 

Gerhard 

223.304 

21,899 

7,993,135 

35-795 

Heinitz 

621,663 

5,985 

2,184,525 

3-514 

Itzenplitz 

275,823 

428 

156,220 

0-569 

Jiigersfreude 

30,811 

1,294 

472,310 

15-324 

Kohlwald 

327,452 

4,085 

1,491,025 

4-554 

Konig   . . . 

395,516 

9,914 

3,618,610 

9-149 

Kreuzgraben 

151,072 

10,807 

3,944,555 

26-111 

Lampennest 

197,503 

1,378 

502,970 

2-547 

Maybach 

266,206 

9,281 

3,387,565 

12-725 

Piittlingen 

362,951 

5,724 

2,089,260 

5*756 

Reden  ... 

405,502 

20,759 

7,577,035 

18-686 

Schwalbach 

372,199 

2,553 

931,845 

2-504 

Serlo     ... 

100,618 

15,632 

5,705,6S0 

56-705 

Sulzbach 

212,607 

2,350 

857,750 

4  034 

Von  der  Heydt 

302,327 

4,444 

1,622,060 

5365 

Wellesweiler  ... 

23,434 

1,688 

616,120 

26-291 

Tota 

Is 

6,258,890* 

170,149* 

62,104,385* 

9-923* 

»  The  figures  add  to  6,123,513  tons,  170,147  cubic  metres,  62,103,655  cubic  metres,  and  10141  cubic 
metres  respectively. 

Similar  tables  had  been  drawn  up  for  the  }Tears  1890  and  1891,  and  on  com- 
paring them  with  the  above  it  is  seen  that  the  total  volume  of  methane  poured  forth 
annually  in  the  upcast  air-currents  varies  very  slightly.  Thus,  for  1890  the  figures 
were  63,116,530  cubic  metres;  for  1891,  63,215,445  cubic  metres;  and  for  1892, 
62,103,685  cubic  metres.  M.  W.  B.  and  O.  S.  E. 
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FLAGSTONE  QUARRIES  AT  BANDERA,    KANSAS. 


By  David  P.  Joxes. 


Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx., 
pages  299-300,  with  10  figures. 

The  deposits  of  natural  flagstone,  so  far  discovered  and  worked  in  the  United 
States,  are  three  in  number.  The  North  River  bluestone  of  Eastern  New  York 
and  Pennsylvania,  the  red  flagstone  of  Colorado  (generally  called  Fort  Collins  or 
Lyons  stone),  and  the  Kansas  flagstone  (commercially  known  as  Fort  Scott  and 
Bandera  stone). 

The  largest  workable  beds  of  this  kind  of  stone  in  the  United  States  are  the 
deposits  in  Eastern  Kansas.  Though  they  spread  over  a  smaller  superficial  area 
than  the  North  River  bluestone  the  beds  or  layers  are  deeper.  In  general,  they 
can  be  quarried  easily,  and  at  a  low  cost,  while  the  facilities  for  drainage  are  good. 
They  are  usually  free  from  seams,  so  that  stones  of  large  size  can  easily  be 
quarried. 

The  author's  article  is  four  columns  in  length,  a  detailed  description,  with 
costs,  etc.,  of  working,  being  given.  The  figures  illustrate  the  tools  and 
appliances  used,  and  there  are  two  ink-photographs  of  the  Bandera  quarries  in 
operation.  J.  W. 


THE  OCCURRENCE  OF  GOLD  IN  SANDSTONE  AND  SHALE. 

Preliminary  Note  on  the  Occurrence  of  Gold  in  the  Hawkesbury  Rocks  about  Sydney. 
By  A.  Liversidge.  Journal  and  Proceedings  of  the  Royal  Society  of  New 
South  Wales,  1894,  vol.  xxviii.,  pages  185-188. 

The  Hawkesbury  Sandstone  and  Waianamatta  Shale  are  derived  from  older, 
and  in  all  probability  gold-bearing,  rocks  ;  hence  it  was  not  unreasonable  to  expect 
to  find  gold  in  them,  especially  as  gold  has  been  detected  in  the  Carboniferous 
Limestone  and  other  rocks  in  England. 

Gold  has  been  found  in  the  Coal-measure  conglomerates  of  New  South  Wales, 
the  presence  of  the  gold  is  natural,  these  conglomerates  being  simply  old  gravels 
and  analogous  to  later  cements  and  similar  gold-bearing  deposits  ;  the  Hawkesbury 
Sandstone  is  also  analogous  to  a  gold-bearing  sea-beach. 

The  following  table  contains  the  results  of  experiments  : — 
No.  Hawkesbury  Sandstone. 


1 

Building- 

stone 

2 

?) 

>j 

3 

>> 

>> 

4 

>> 

>> 

5  Pyrmont  stone 

6 

,, 

,, 

7 

,, 

)5 

8 

,, 

,, 

9 

,, 

,, 

10 

i  ? 

„        ' 

reddish 


By  Fusion  with  Red  Lead. 
.  None   ... 


Not  assayed  ... 
Trace  ... 

14  grains  per  ton 
None   ... 


By  Cyanide  of  Potassium. 
Not  treated. 


35  "84  grams  per  ton. 

8-96  ,, 
12-32      „ 

2-24  „ 
Not  treated. 


2-24  grains  per  ton. 


...  7  grains  per  ton 
...  18     „ 
soft  and  micaceous . . .  None   ... 

Samples  of  the  Wainamatta  Shale  were  taken  from  the  Sydney  University 
grounds.  A  light  coloured  shale  did  not  yield  any  gold,  but  a  deep  red  shale 
yielded  2  dwts.  23 "8  grains  per  ton.  A  nodule  of  hard  ferruginous  shale,  practi- 
cally haematite,  yielded  3  dwts.  13  grains  per  ton.  M.  W.  B. 
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GOLD  AND  SILVER-THEIR  PRODUCTION,    USES,   AND  LOGICAL 

RATIO. 

By  Richard  P.  Rothwell.     Engineering  and  Mining  Journal  [Neio  York],  1895, 
vol.  lx.,  pages  76-78  and  100-102,  with  3  diagrams. 

The  author  deals  with  his  subject  under  the  following  three  headings  : — The 
actual  and  relative  production  of  gold  and  silver  ;  the  cost  of  production  of  these 
two  metals  ;  and  the  supply  of  the  precious  metals  for  use  in  money. 

Diagrams  are  given  showing  the  monthly  production  and  values  of  gold  and 
silver  in  the  United  States,  1S93-1894,  and  the  fluctuations  in  production  and 
value-ratios  of  gold  and  silver  since  1492. 

Statistics  are  also  given  of  the  world's  production  of  gold  and  silver  since  the 
discovery  of  America  in  1492. 

From  the  evidence  quoted,  the  author  draws  the  following  conclusions  : — The 
manner  of  occurrence  of  gold  and  silver  in  nature  precludes  the  possibility  of  their 
cheap  production  in  large  quantity.  The  cost  of  production  of  each  will,  in  the 
great  majority  of  cases,  always  approach  very  nearly  to  its  market  value  over  a 
series  of  years,  and  a  large  amount  of  each  metal,  especially  of  gold,  will  always 
be  produced  at  an  actual  loss.  Since  profits  in  mining  are,  roughly,  in  inverse 
proportion  to  the  unit  value  of  the  metal  produced,  and  losses  directly  propor- 
tioned to  this,  the  natural  tendency  from  this  cause  is  for  gold  waves  to  be  shorter 
in  duration  than  silver  waves,  as,  indeed,  the  statistics  show  they  have  been.  As 
gold  or  silver  appreciates  in  value,  more  of  each  metal  will  be  used  industrially, 
and  as  the}-  depreciate,  less  will  be  so  used  — contrary  to  the  rule  with  metals 
which  are  in  demand  for  their  physical  properties  alone.  J.  W. 


THE  ORE-DEPOSITS  OF  CRDPPLE  CREEK,  COLORADO. 
By  Francis  T.  Freeland.     The  Colliery  Engineer,  1895,  vol.  xri.,  page  53. 

The  northern  parts  of  the  above  district,  i.e.,  the  Tenderfoot,  Gold,  Globe,  Iron- 
clad and  Bull  hills,  consist  of  andesite  and  audesitic  breccia,  bounded  on  the  east, 
north,  and  west  by  granite  and  gneiss. 

Many  of  the  hills  are  capped  by  phonolite  flows.  Dykes  of  this  last-named 
rock  are  common,  and,  among  the  less  frequent  eruptive  rocks,  basalt  and 
diorite  have  been  found. 

The  valuable  metals  contained  in  the  ores  are  gold  and  silver  ;  probably  about 
f  oz.  of  silver  is  mined  for  each  ounce  of  gold.  Some  of  the  gold  is  free  ;  but  at 
moderate  depths  the  tellurides  appear.  While  some  of  the  ore  gives  very  rich 
returns,  the  average  product  of  the  district  runs  about  3  ounces.  This  is  to  be 
considered  a  very  high  average  grade  considering  the  large  tonnage.  The  principal 
associated  mineral  is  quartz,  both  crystallized  and  massive.  Some  of  the  dull  brown 
quartz  is  very  rich,  while  the  opaque  white  and  blue-black  quartz  are  poor  in  gold. 

Among  the  deeper  mines  of  the  district  are  the  Isabella,  Victor,  Anaconda, 
Moose,  Elkton,  Anna  Lee,  Independence,  and  Portland.  The  deepest  workings  of 
these  mines  show  that  the  average  vein  is  as  profitable  below  as  nearer  the  surface. 

Cripple  Creek  is  very  well  provided  with  facilities  for  the  transportation  and 
reduction  of  gold  ore.  The  higher-grade  rock  is  sold  to  lead-smelters  at  Denver 
and  Pueblo ;  the  medium  grade  is  sold  to  two  chlorination-  works  at  Gillette  and 
Lawrence  and  to  two  cyanide  plants  at  Florence  and  Lawrence ;  while  the  low- 
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grade  surface  ores  are  worked  up  in  the  local  custom  stamp-mills  by  amalgama- 
tion and  concentration  with  a  fair  degree  of  success.  Transportation  is  provided 
by  two  railways  and  good  waggon-roads  in  every  direction. 

In  the  course  of  a  few  years,  Cripple  Creek  has  been  changed  from  a  peaceful 
cattle  range  to  a  busy  mining  centre,  with  a  population  of  12,000. 

An  output  of  over  £60,000  from  one  mine  in  one  month  and  over  £1,600,000  in 
gold  in  a  year  indicate  the  cause  of  this  great  transformation.  J.  W. 


GOLD-MINING  AT  CRIPPLE  CREEK,   COLORADO,    U.S.A. 
Anon.    Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx.,  pages  321-322. 

During  the  past  six  months,  April  to  September,  of  the  present  year,  there 
have  been  many  new  discoveries  in  the  above  district ;  but  nearly  all  have  been 
of  low-grade  ore,  containing  not  more  than  1^  ounces  of  gold  per  ton,  which 
cannot  be  profitably  mined  and  shipped  to  the  smelters. 

In  not  a  few  cases,  however,  wide,  strong  veins  have  been  found,  from  which 
the  ore  can  be  mined  at  moderate  cost ;  and,  as  the  local  reduction-works  are 
offering  low  rates,  an  increased  output  of  ore  from  the  district  in  point  of  tonnage 
will  result. 

Present  indications,  therefore,  go  to  show  that  Cripple  Creek  will  become  a 
large  producer  of  low-grade  ore,  which  it  has  not  been  hitherto. 

The  summer  now  ending  has  not  been,  on  the  whole,  a  prosperous  one  for  the 
district,  owing  chiefly  to  the  long  rainy  season,  which  checked  prospecting 
enterprises  and  the  operations  of  small  mines  carried  on  in  the  open.  The  produc- 
tion of  the  larger  mines  has  been  checked  by  inability  to  ship  their  ores,  the  roads 
being  so  miry  as  to  be  impassable  by  heavy  waggons.  Finally,  the  Florence  and 
Cripple  Creek  Railway,  by  which  coal  is  chiefly  brought,  was  completely  washed 
out  for  12  miles  or  so  in  July,  and  over  a  month  elapsed  before  trains  could  run 
again.  J.  W. 

MINING  IN  GUATEMALA. 

Anon.     Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx.,  page  566. 

The  mineral  products  of  this  Central  American  Republic  are  gold,  silver,  iron, 
copper,  lead,  marble,  gypsum,  sulphur,  bituminous  coal,  and  salt.  The  principal 
now  being  explored  are  the  gold-mines  on  the  Motagua  river,  department  of 
Izamal  and  Baja  Verapaz ;  the  silver-mines  at  Mataquescuintla,  and  at  Alotepeque ; 
the  salt  deposits  of  Nueve  Cerros  and  of  Chiguimulilla.  J.  W. 


KALGOORLIE   GOLD-MINES,  WEST  AUSTRALIA. 

Anon.     Australian  Mining  Standard,  1895,  vol.  xi.,  pjage  509. 

An  immense  lode-formation  has  been  discovered  2^  miles  south-west  of  Great 
Boulder,  at  Kalgoorlie,  in  the  Coolgardie  district.  The  formation  is  similar  to 
that  in  the  Boulder  properties,  and  carries  gold  right  to  the  surface.  The  first 
assay  made  showed  40  ounces  of  gold  per  ton  ;  but  to  check  this  result,  three  more 
samples  were  taken,  giving  12,  15,  and  100  ounces  gold  per  ton.  The  gold  is 
spongy  and  without  metallic  lustre.  J.  W. 
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THE  CHLORINATION  PROCESS. 

(1)  An  Improved  10  tons  Chlorination  Barrel.     By  John  E.  Rothwell.    Engineer- 
ing and  Mining  Journal  [yew  York],  1895,  vol.  lx.,page  370,  with  draivings. 

This  recent  appliance  was  devised  principally  for  use  in  the  chlorination 
process,  and  is,  therefore,  lead-lined  ;  but  the  general  construction  is  adapted  to 
the  treatment  of  ores  by  any  of  the  other  processes  which  require  the  ore  to  be 
agitated  in  connexion  with  a  chemical  solvent.  Where  cyanide  is  used,  the  leaden 
lining  would  be  omitted  and  the  joints  of  the  shell  well  caulked  to  prevent 
leakage. 

The  barrel  is  15  feet  in  length  by  5  feet  2  inches  in  inside  diameter  ;  the  shell  is 
of  f  inch  steel-plates,  two  sheets  of  90  inches  width  being  required.  The  leaden 
lining,  when  the  barrel  is  to  be  used  for  chlorination,  is  of  18  lbs.  chemical  sheet- 
lead.  The  advantages  to  be  gained  by  a  large  barrel  of  these  dimensions  are  said 
to  be  :-  -in  first  cost,  it  is  much  cheaper  than  two  5  tons  machines  would  be  ;  it  is 
just  as  efficient  and  as  easy  to  work  as  the  two  smaller  barrels  would  be  ;  and 
the  space  required  for  its  erection  is  very  little  more  than  that  required  for  one 
5  tons  machine. 

There  is  also  said  to  be  a  saving  in  chemicals  used  and  in  quantity  of  water 
required  to  charge  and  leach  with,  the  latter  giving  a  more  concentrated  solution, 
in  the  case  of  low-grade  ores,  with  the  advantages  of  cheaper  precipitation  and 
collection.  J.  W. 

(2)  A  Sand  Filter  for  Chlorination  Barrels.     By  John  E.  Rothwell.    Engineering 

and  Mining  Journal  [New  York],  1895,  vol.  lx.,  page  274,  with  3  figures. 

Many  improvements  have  recently  been  introduced  to  hasten  the  chlorination 
process  for  gold-extraction.  This  device  has  for  its  object  the  facilitating  of  the 
washing  and  filtering.  The  writer  has  designed  a  sand-filter  to  take  the  place  of 
the  expensive  woven-asbestos  cloth  as  a  filtering  medium  in  large  chlorination 
barrels.  For  a  barrel  with  a  capacity  of  5  tons  of  ore,  the  surface  of  the  filter  is 
placed  1 1  inches  above  the  bottom  of  the  barrel,  and  has  an  area  of  about  30  square 
feet.  All  parts  of  the  filter-frame  are  made,  preferably,  of  maple  wood,  which  is 
close-grained,  and,  on  soaking  well  in  a  light  oil  to  prevent  absorption  of  solution, 
will  last  a  long  time. 

The  sand  used  in  the  compartments  is  ordinary  crushed  quartz,  of  a  size  between 
3  and  8  meshes  screen.  It  is  put  into  each  compartment  together  with  a  small 
square  of  asbestos  or  gunnysack,  so  as  to  form  a  greater  obstruction  than  the  sand 
makes,  that  at  first  the  pidp  will  not  be  washed  through  ;  then,  after  a  few  charges, 
a  certain  amount  of  sand  from  the  pulp  having  accumulated  in  the  filter  above  the 
cloth,  it  is  no  longer  necessary,  and,  if  of  gunnysack,  it  is  soon  destroyed,  leaving 
a  perfect  filtering  medium. 

In  practice,  the  filter  is  said  to  work  perfectly  and  to  be  a  great  improvement 
on  the  asbestos  cloth  formerly  used,  besides  being  much  cheaper  to  keep  in  work- 
ing order ;  moreover,  it  is  not  liable  to  clog.  A  charge  of  5  tons  of  ore,  crushed 
to  24  meshes  screen,  which  forms  a  depth  of  30  inches  on  the  filter,  is  thoroughly 
leached  in  two  hours  with  a  pressure  of  from  20  to  30  lbs.  per  square  inch. 

J.  W. 
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THE  CYANIDE  PROCESS. 

(1)  The  Chemistry  of  the  Cyanide  Process:  Is  Zinc  Potassium  Cyanide  a  Solvent  for 
Gold  ?  By  J.  S.  C.  Wells.  Engineering  and  Mining  Journal  [New  York], 
1895,  vol.  lx.,  pages  584-585. 

The  statement  that  gold  is  soluble  in  a  solution  of  the  double  cyanide  of  zinc 
and  potassium  (ZnCy„,  2  KCy)  was  iirst  made,  so  far  as  the  author  knows,  by 
Mr.  Feldtman,  in  September,  1894.  At  first  glance,  the  statement  appears 
paradoxical,  seeming  to  be  a  reversal  of  the  action  taking  place  in  the  zinc-boxes  ; 
but,  in  the  latter  case,  there  is  always  an  excess  of  zinc  present,  it  having  a  greater 
affinity  for  cyanogen  than  gold  has.  The  author  prepared  zinc-potassium  cyanide 
solution  by  digesting  an  excess  of  zinc  cyanide  for  two  weeks  with  a  0*5  per  cent, 
solution  of  potassium  cyanide,  and  experimented  on  thin  pieces  of  gold  foil  of 
known  weight.  His  results  are  given  in  tabular  form,  and  they  prove  that  zmc- 
potassium  cyanide  is  undoubtedly  a  solvent  of  gold.  Comparison  of  four  tests  made 
with  this  solvent  and  tests  made  with  potassium  cyanide,  and  cyanide  plus 
potassium  hydrate,  show  that  the  average  amount  of  gold  dissolved  by  the  double 
cyanide  was  2 -45  milligrammes,  and  by  the  potassium  cyanide  3-44  milligrammes 
in  24  hours. 

The  claim  made  by  Mr.  Feldtman  that  the  ZnCy2,  2  KCy  is  decomposed  by 
KHO  into  KCy  and  potassium  zincate  is  not  borne  out  by  the  author's  experi- 
ments. 

To  conclude,  the  author  finds  : — (a)  That  zinc-potassic  cyanide  is  a  solvent  of 
gold  ;  but  of  less  power  than  potassic  cyanide  alone,  (b)  Zinc-potassic  cyanide  is 
not  decomposed  by  alkali  into  potassium  cyanide  and  potassium  zincate.  (c)  Zinc- 
potassic  cyanide  in  presence  of  potassium  cyanide  can  have  no  solvent  action  on 
gold,  and  therefore  is  valueless  in  the  ordinary  cyanide  process,  (d)  The  test  with 
silver  nitrate  in  presence  of  potassic  hydrate  does  not  show  the  cyanide  available 
as  a  solvent  of  gold,  but  the  total  amount  of  cyanogen  in  the  solution. 

J.  W. 

(2)  The  Cyomide  Process  of  Gold  Extraction  in  the  United  States.  Anon. 
Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx.,  page  49. 
The  cyanide  treatment  of  gold  ores  is  at  last  making  satisfactory  progress  in 
the  United  States.  Not  only  has  the  Mercur  mine  in  Utah  made  a  practical 
success,  but  the  Standard  Mill,  in  Bodie,  California,  is  now  treating  1 10  tons  of 
tailings  per  day  by  the  use  of  cyanide.  These  tailings  contain  gold  worth  16s.  to 
18s.  per  ton,  and  silver  averaging  2-4s.  per  ton. 

The  extraction  obtained  is  from  70  to  75  per  cent,  of  gold  and  25  to  30  per  cent, 
of  silver,  with  a  very  low  consumption  of  cyanide.  J.  W. 

(3)  Gold  Extraction  at  the  Waihi  Mine,  New  Zealand.     Anon.     Australian  Mining 
Standard,  1895,  vol.  xi.,  page  494. 

Much  remarkable  success  has  attended  recent  operations  at  the  above  mine. 
Previously  the  gold  saved  from  the  ore  was  just  a  quarter  to  one-half  of  the  total 
gold  contents.  The  mill  was  turned  into  a  dry  crusher,  then  it  was  found  that  66 
per  cent,  of  the  gold  was  saved  by  mercury  with  the  finer  crushing.  Ultimately  the 
cyanide  process  has  been  adopted,  and  this  process  has  done  much  for  the  mine  ; 
but  the  management  admit  that  fine  crushing  has  been  the  real  secret  of  success. 

J.  W. 
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GYPSUM  IN  NEWFOUNDLAND. 
Anon.     Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx.,  page  201. 

Perhaps  in  no  part  of  Eastern  British  America  is  gypsum  so  extensively 
distributed  as  on  the  west  coast  of  Newfoundland,  mainly  in  the  Codroy  Valley 
and  about  St.  George's  Bay ;  but  in  large,  or  payable  working  quantities  it  occurs 
only  in  three  places — one  on  Fishel's  Brook,  about  2  miles  inland  from  where  the 
brook  flows  into  St.  George's  Bay,  35  miles  east  of  Cape  Auguille. 

Another  place  is  at  Cairn  Mountain,  which  is  about  5  miles  inland  from  St. 
George's  Harbour,  or,  as  it  is  more  commonly  called,  Sandy  Point. 

The  third,  which  is  the  most  extensive  deposit  of  all  and  the  best  situated  for 
economical  working  and  shipping,  is  on  Kippen's  or  Romaine's  Brook,  on  the 
north-east  head  of  Bay  St.  George.  It  is  estimated  that  the  gypsum  at  this  place 
could  be  quarried  and  p\it  on  board  vessel  at  about  2s.  per  ton,  and,  by  employing 
steamers,  it  could  be  laid  down  in  New  York  not  greatly,  if  anything,  in  excess  of 
7s.  2d.  per  gross  ton.  J.  W. 


COMPRESSED-AIR  LOCOMOTIVES  FOR  COAL-MINES. 

Axon.     Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx.,  page  127, 
with  3  illustrations. 

A  compressed-air  locomotive  is  now  at  work  in  the  Susquehanna  Coal  Company's 
mine  at  Glen  Lyon,  Pennsylvania.  The  main  feature  of  the  engine  is  the  air- 
tanks,  or  l'eceivers,  of  which  there  are  two,  each  29^  inches  in  diameter,  with  an 
interior  capacity  of  130  cubic  feet.  These  tanks  are  cylindrical  in  form,  with 
convex  heads.  The  horizontal  seams  are  treble  butt-riveted  and  the  heads  are 
double  rivetted.  Each  reservoir  is  tested  to  carry  a  regular  pressure  of  600  lbs. 
per  square  inch.  The  tanks  are  provided  with  reducing-valves,  and  there  is  an 
auxiliary  reservoir,  from  which  air  is  supplied  to  the  cylinder  at  a  pressure  of 
100  to  140  lbs.  The  cylinders  are  7  inches  in  diameter,  with  14  inches  stroke. 
The  length  of  the  engine  over  all  is  17  feet  6f  inches,  its  width  62  inches,  and 
height  above  the  rail  60  inches.  The  total  weight  ready  for  service  is  18,500  lbs. 
Engines  of  this  class  have  so  far  given  satisfaction  wherever  they  have  been  used. 

J.  W. 


ILLUMINATING-GAS  FROM  WOOD. 

Anon.     Engineering  and  Mining  Journal  [Neio  York],  1895,  vol.  lx.,  page  416. 

The  town  of  Deseronto,  in  Canada,  where  there  are  several  large  lumber-mills, 
is  partially  lighted  by  gas  made  from  sawdust.  The  sawdust  is  charged  into 
retorts,  which  are  heated  by  wood  fires,  the  gas  from  the  retorts  passing  into  a 
series  of  coils,  and  thence  into  the  purifiers,  which  are  similar  to  those  used  for 
coal-gas.  Lime  is  the  principal  purifying  agent  employed.  When  the  gas  passes 
out  of  the  retorts,  it  possesses  an  odour  less  disagreeable  than  that  of  the  smoke 
from  a  fire  of  green  wood  or  leaves.  The  works  in  use  are  small,  turning  out  daily 
19,000  cubic  feet  of  gas,  for  the  production  of  which  about  2  tons  of  sawdust  are 
required.  A  man  and  boy  furnish  all  the  labour  needed  at  the  works.  The  gas  in 
an  ordinary  burner  gives  an  illumination  of  about  18  candle-power.  The  best 
quality  comes  from  resinous  woods.  The  sawdust  leaves  a  residue  of  20  per  cent, 
by  weight  of  charcoal.  M.  W.  B. 
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IRON-ORE  IN  SWEDEN. 

Schweden's  EisenerzZagerstdtten  und  ihre  Bedeutung  fur  die  deutsche  Eisenindustrie. 
By  —  Tiemank.  Dingler's  Polytechnisches  Journal,  1895,  vol.  ccxcviii., 
page  48. 

At  Grangesberg,  specular  ore  and  magnetite  are  found,  the  first-named  being 
worked  from  shafts,  and  the  magnetite  from  surface-quarries  in  which  rails  of 
normal  gauge  are  laid  down  so  that  the  ore  can  be  loaded  direct  from  the  tipping 
trucks  into  railway-waggons  for  export.  The  whole  of  the  power — with  the 
exception  of  that  necessary  for  pumping,  which  is  obtained  from  six  waterwheels 
coupled  to  the  pumps  by  means  of  rods— is  derived  from  dynamos  driven  by  four 
100  horse-power  turbines  some  7  miles  distant  from  the  mines.  The  current  of 
5,000  volts  is  reduced  by  transformers  to  85  volts.  The  specular  ore  is  smelted 
in  the  neighbourhood,  the  magnetite  being  shipped  abroad  from  Oxelosund. 

At  Gellivara,  the  ore  occurs  in  three  forms  :  specular  ore,  coutainiug  much 
apatite,  and  two  others  with  lower  percentages  of  phosphorus,  all  of  them  being 
worked  from  surface  quarries.  The  port  of  shipment,  Lulei,  is  provided  with 
extensive  mechanical  appliances  for  loading  the  ore  into  vessels. 

Swedish  ore  is  said  to  be  replacing  the  German  Oolitic  ironstone  in  the  smelting 
works  of  the  Ruhr  district,  the  shipments  having  risen  from  963  tons  in  1870  to 
455,093  tons  in  1893.  C.  S. 

THE  BROWN-DE-CAMP  COLLECTOR  FOR  LEAD  FUMES. 
Anon.     Engineering  and  Mining  Journal  [New    York],  1895,  vol.  lx.,  -page  373, 

with  illustration. 

The  Brown-de-Camp  form  of  condensing-chamber  has  been  working  at  the 
Omaha  and  Grant  Smelting  Works,  in  Nebraska,  for  about  a  year,  and  is  said  to 
give  great  satisfaction. 

The  collection  of  mineral  dust  from  fumes  by  cooling  and  passing  through 
textile  fabrics,  such  as  bags,  has  been  in  use  for  fifty  years.  In  this  case  the 
straining  fabric  is  arranged  in  a  series  of  inclined  planes,  meeting  at  top  and 
bottom  in  a  zig-zag  fashion,  as  seen  from  the  end.  Suspended  between  the  con- 
verging walls  of  these  peaked  ceilings  are  oscillating  shafts  extending  the  entire 
length  of  the  building  and  projecting  a  short  distance  through  the  walls.  From 
these  shafts  a  series  of  beaters  are  suspended,  and  by  means  of  a  lever  secured  to 
the  projecting  end  of  the  shaft  on  the  outside  of  the  building,  these  beaters  are 
oscillated,  striking  the  canvas  walls  with  sufficient  force  to  dislodge  the  accumu- 
lated mineral  dust,  which  falls  to  the  floor  of  the  room. 

It  is  estimated  that  under  most  favourable  conditions  there  is  a  loss  of  about 
6  per  cent,  of  lead  by  volatilization.  The  actual  saving  in  two  compartments, 
having  a  total  area  of  about  80,000  square  feet  straining  fabric,  from  seven  stacks 
42  by  12  inches,  averages  a  little  over  100  tons  of  metallic  lead  per  mouth, 
canning  about  10  ounces  of  silver  per  ton.  This  amount  is  practically  6  per  cent, 
of  all  the  lead  charged  into  the  smelter  stacks,  yielding  a  net  income  of  about 
£1,200  per  month  at  the  present  price  of  lead  and  silver. 

This  device  can  be  applied  to  lead-smelters,  zinc-white,  and  lead-works,  and 
also  to  dry-crushing  gold  and  silver  mills.  In  the  roasting  of  heavy  sulphide  ores 
there  is  too  much  sulphurous  acid  to  admit  of  its  use  ;  but  for  condensing  fumes 
from  lead-smelters  it  is  said  to  have  proved  a  perfect  success,  and  comparatively 
inexpensive  device  to  keep  up.  3.  ^  . 

VOL.    XLV.  -1895-96. 
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HARTYILLE  IRON-ORE  DEPOSITS  IN  WYOMING,  U.S.A. 

By  E.  P.  Snow.     Engineering  and  Mining  Journal  [Xeic  York],  1895,  vol.  lx., 

page*  320-321,  with  map. 

The  Hartville  iron-ore  deposits  are  situate  about  100  miles  north  of  Cheyenne. 
At  the  Chicago  Exhibition  the  Hartville  ores  obtained  an  award  as  the  best  in 
quality,  after  thorough  chemical  and  furnace  tests.  The  mineral  was  shown  to  be 
a  red  haematite,  and  was  classed  as  a  Bessemer  ore.  A  new  importance  is  now 
given  to  the  above  deposits,  owing  to  the  pressing  demands  upon  the  iron  resources 
of  North  America. 

The  belt  of  ore  is  situated  on  the  northern  bank  of  the  Platte  river  in  Laramie 
Countv,  Wyoming,  and  the  centre  of  the  belt  is  about  13  miles  from  the  nearest 
station  on  the  Cheyenne  and  Northern  Railroad.  The  nearest  outcrop  of  the  ore 
is  about  S  miles  from  the  railroad  at  Fairbank,  where  copper  was  smelted  some 
years  ago.  The  deposit  can  be  traced  over  an  area  of  about  18  miles  in  length,  and 
in  width  varies  from  2  to  3  miles.  The  iron  ore  is  found  in  the  slates  or  between 
the  limestone  and  slate,  and,  so  far,  appears  to  exist  in  immense  masses  or  con- 
tinuoxis  lenses  of  unknown  depth.  On  one  mine,  a  shaft  has  been  sunk  150  feet 
through  a  body  of  solid  iron  ore  without  reaching  the  bottom  of  the  deposit  j  and 
at  this  mine,  the  Sunrise,  one  can  walk  1,100  feet  upon  an  outcropping  ledge  of 
iron  ore,  all  visible,  with  a  width  of  from  200  to  300  feet. 

The  curious  fact  has  recently  come  to  light  that  the  red  iron  deposits  of 
Hartville  were  a  resort  of  the  Indian  tribes  for  war  paint  long  before  the  advent 
of  the  white  man.  Many  Indian  relics  have  been  unearthed,  and,  in  one  claim, 
an  Indian  paint-mill  was  found,  with  various  war  implements,  about  20  feet 
underground. 

Little  development  work  has  yet  been  done,  and  Hartville  is  still  only  a 
prospecting  camp.  Its  advantages  are :  proximity  to  the  railway,  which  can  be 
reached  over  easy  grades  ;  good  limestone  for  flux  is  found  adjoining  the  ore  ; 
timber  is  plentiful  at  a  distance  of  8  to  10  miles  ;  water-power  can  be  obtained  at 
Fairbank,  where  the  river  Platte  emerges  from  the  mouth  of  the  canyon  ;  lastly, 
a  good  smelting  coal  can  be  bought  at  8s.  per  ton  for  a  blast-furnace  situated  at 
Chevenne.  J-  ^  • 


MAGNETIC  SEPARATION  OF  IRON  ORE. 

Br/  Clixtox  M.  Ball.     Engineering  and  Mining  Journal  [Xew  York], 

1895,  i-ol.  lx.,  page  345. 

The  author  describes  the  Ball-Norton  electro-magnetic  separator,  and  also  gives 

descriptions  of  a  number  of  the  plants  built  and  experiments  made  for  magnetic 

separation,  notably  those  at  Benson  mines  in  St.  Lawrence  county,  New  York  ; 

at  the  Jayville  mine,  in  the  same  district,  and  at  Mineville  in  Essex  county,  New 

York. 

It  is  noted  in  the  paper  that  at  a  moderate  estimate,  the  ore-crushing  capacity 
of  such  plants  in  the  Adirondack  region  of  New  York  and  in  New  Jersey  and 
Pennsylvania,  is  equal  to  over  1.000,000  tons  of  high-grade  concentrates  per 
annum.  J.  W. 

THE  MICA  MINES  OF  GAYA,  BENGAL. 

Axon.     Indian  Engineering,  1895,  vol.  xriii.,  page  229. 

The  only  mica  mines  worked  in  Bengal  are  those  of  Singar  and  Supahi  in  the 

Nawada   sub-division   of   Gaya.     Their  output  appears  to  be  decreasing,   as  the 

figures  for  the  last  three  years  show:— 1892,   800  maunds ;  1893,   640   maunds  ; 

and  for  1894,  547  maunds.  J.  W. 
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ONYX  MARBLES. 

By  Courtenay  de  Kalb.     Engineering  and  Mining  Journal  [N~ew  York],  1895, 

vol.  lx.,  page  368. 

The  term,  onyx  marble,  is  more  a  commercial  than  a  scientific  distinction, 
since  a  stone  is  only  entitled  to  the  name  from  its  qualities  of  texture  and  beauty 
which  fit  it  to  serve  as  an  ornamental  stone.  The  general  name  of  travertine 
includes  all  such  deposits,  except  finely  crystallized  calcite  and  arragonite. 

The  requisite  commercial  qualities  for  onyx  marble  are  homogeneity  of  texture, 
freedom  from  pores  and  cracks,  translucency,  beauty  of  colouring,  and  proper  size 
of  perfect  blocks  (the  usual  minimum  limit  for  thickness  being  1  inch,  and  for 
superficial  area  1  foot  square).  The  price  varies,  according  to  the  grade  of  the 
stone,  from  2s.  to  £10  per  cubic  foot. 

The  amount  of  onyx  marble  produced  at  present  in  the  United  States  is  very 
small,  and  comes  entirely  from  California,  Utah,  and  Arizona.  The  most  important 
source  of  supply  is  Mexico,  formerly  from  the  State  of  Puebla ;  but  now,  the 
largest  quarries  are  those  at  New  Pedrara  in  Lower  California.  J.  W. 


CLOSE  SIZING  BEFORE  JIGGING. 

By  R.  H.  Richards.     Transactions  of  the  American  Institute  of  Mining  Engineers, 
1894,  vol.  xxiv.,  pages  409-486. 

The  first,  and  most  important,  law  of  jigging,  and  that  which  governs  the 
greater  part  of  the  work  of  jigging,  is  known  as  the  law  of  equal-settling  particles. 
The  author  tabulates  the  results  of  various  experiments  on  velocities  of  fall  in 
water,  etc. ,  and  comes  to  the  conclusion  that  this  law  is  not,  under  any  circum- 
stances, the  whole  law  of  jigging. 

The  second  law  is  that  of  interstitial  currents — the  effect  of  confined  space 
upon  falling  particles.  If  D  be  the  diameter  of  the  falling  particle,  and  d  that  of 
the  space  in  which  it  has  to  fall,  it  is  found  that  the  larger  the  value  of  d  4-  D,  the 
greater  is  the  retardation,  or  loss  of  velocity,  by  the  pai'ticle. 

If  particles  of  quartz  be  represented  by  large  circles,  and  those  of  equally- 
settling  galena  by  smaller  circles,  then  when  these  mixed  particles  are  settling 
en  masse,  or  are  held  in  suspension  hx  a  rising  current  of  water,  each  particle  may 
be  considered  to  be  failing  in  a  tube,  the  walls  of  which  consist  of  the  surrounding 
particles.  The  author  constructed  a  pointed  tube  apparatus  to  ascertain  the 
extent  this  law  acts  upon  irregular  particles,  and  describes,  with  tables,  the 
results  of  his  experiments.  The  ultimate  result  of  the  pointed  tube,  which 
resembles  the  spitzlutte,  and  the  pulsion  action  of  the  jig,  is  to  associate  together 
particles  of  the  two  minerals  that  are  to  be  separated,  in  which  the  ratio  of  the 
grains  lies  in  one  of  these  three  classes  :  The  lesser,  higher  specific  gravity  grain 
is  (1)  smaller  than,  (2)  equal  to,  (3)  greater  than,  the  quartz  interstices. 

The  third  law  is  that  of  acceleration,  and  to  test  its  effect  the  author  designed 
a  pulsion-jig,  with  which  he  carried  out  several  experiments,  but  failed  to  discover 
any  gain  over  and  above  that  due  to  interstitial  currents.  He  feels,  however, 
that  acceleration  must,  logically,  produce  some  result. 

The  fourth  law  is  the  law  of  suction.  In  order  to  study  it  the  author  con- 
structed a  movable  sieve-jig  and  submitted  each  test  to  full  pulsion  with  much, 
with  little,  and  with  no  suction. 

The  two  chief  reactions  of  jigging  are  pulsion  and  suction  : — 


38         NOTES  OF  PAPERS  IX  COLONIAL  AND  FOREIGN 

The  effect  of  pulsion  depends  upon  the  first  three  laws.  The  chief  function  of 
pulsion  is  to  save  'the  larger  grains  of  the  heavier  mineral,  or  the  grains  which 
settle  faster  and  farther  than  the  waste. 

The  effect  of  suction  depends  upon  the  interstitial  factor  of  the  minerals  to  be 
separated  ;  if  this  be  above  3~0,  suction  will  be  efficient  and  rapid  ;  if  less  than 
3-70,  suction  will  be  much  hampered  and  hindered.  The  chief  function  of  suction 
is  to  save  the  particles  that  are  too  small  to  be  saved  by  the  laws  of  equal-settling 
particles,  and  of  interstitial  currents,  acting  through  the  pulsion  of  the  jig. 

For  jigging  mixed  sizes,  pulsion  with  full  suction  should  be  used  ;  but  for  closely 
sized  products,  pulsion  with  a  minimum  of  suction  should  be  made  use  of.  The 
degree  of  sizing  needed  as  a  preparation  for  the  most  perfect  jigging  depends  solely 
upon  the  interstitial  factor  of  the  minerals  to  be  separated. 

To  effect  the  most  perfect  separation,  close  sizing  must  be  adopted,  and  the 
closer  the  sizes  are  to  each  other  the  more  rapid  and  perfect  will  the  jigging  be. 

A.  W.  G. 

NOTES  ON  CERTAIN  MAGNETIC  PHENOMENA  IN  GOLD-BEARING 

SLATES. 

By  C.  A.  Mezoer.      Transactions  of  the  American  Institute  of  Mining  Engineers, 

1894,  vol.  xxir. ,  pages  40-42. 

The  ore-bodies  at  Raposos,  Brazil,  are  exclusively  chimneys,  mostly  cylindrical, 
following  the  dip  of  the  argillaceous  slates,  without  veins  or  any  visible  connexion 
with  each  other.  They  are  composed  of  quartz  with  S  to  10  per  cent,  of  pyrite  and 
pyrrhotite,  and  various  iron  oxides.  The  slates  contain  everywhere  some  2  per 
cent,  of  magnetite  ;  concentrations  of  magnetite  in  layers  in  the  slate  are  found, 
but  these  are  poor  in  gold.  It  was  found  impossible  to  use  the  ordinary  English 
theodolite  for  surveying,  owing  to  the  declination. 

A  regular  survey  was  made  with  a  Freiberg  theodolite  (without  needle)  and 
based  upon  the  astronomical  meridian,  from  which  all  declinations  were  obtained. 
A  cross-cut  adit  was  driven  against  a  group  of  chimneys  which  had  been  worked 
formerly  from  the  sm'face.  The  declination  in  the  cross-cut  was  pretty  uniformly 
3  degrees  east  ;  but  for  a  length  of  8  to  10  feet  in  it,  there  was  a  declination  of  9 
degrees,  and  at  this  point  some  good  ore  had  been  struck. 

At  another  place  in  the  cross-cut  the  needle  showed  the  same  disturbance,  and 
on  blasting  some  of  the  rock  away  some  good  gold  ore  was  found,  indicated  by  no 
other  signs  but  the  disturbance  of  the  needle. 

The  author  examined  the  slates  very  carefully,  but  could  find  no  difference  in 
them,  and  comes  to  the  conclusion  that  the  magnetic  polarization  of  the  small 
crystals  of  magnetite  is  parallel  where  they  occur  with  gold,  and  that  it  is  in  all 
directions  at  other  places  so  as  to  form  ore-magnets  in  the  first  and  to  compensate 
each  other  in  the  second  case.  He  leaves  the  question  open  whether  there  is  a 
causal  correlation  between  the  gold  and  the  parallel  polarization.         A.  W.  G. 


ELEMENTARY  COMPOSITION  OF  PETROLEUM. 

Ein   Beitrag   zur   Kenntniss  cler  elementaren  Zusammensetzung  do-  ErJole.     By  C. 

Ehgler  and  L.  Jezioraxski.     Berichte  cler  deutschen  chemischen  Gesellschaft, 

1895,  vol.  xxviii.,  pages  2501-2505. 

It  is  usually  assumed,  from  the   constitution  of  the  more   volatile  fractions, 

that  American,  Alsatian,  and  Galician  peti'oleums  consist  of  hydrocarbons  of  the 

methane  series,  and  Baku  and  Oelheim  oil  of  those  of  the  naphtha  series,  without  tak- 
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ing  into  consideration  the  composition  of  other  hydrocarbons  present  in  both  varieties. 
The  authors  show,  however,  by  the  results  of  analyses  of  various  oils  effected  by 
them,  that  the  higher  fractions  contain  a  greater  percentage  of  carbon  and 
correspondingly  less  hydrogen  than  the  saturated  hydrocarbons,  and  may  there- 
fore be  considered  as  composed  of  unsaturated  hydrocarbons,  a  view  confirmed 
by  the  phenomena  observed  when  petroleum  is  artificially  prepared  by  distilling 
fats  under  pressure.  In  this  process  a  considerable  amount  of  water  is  given 
off,  whereas  in  the  production  of  saturated  hydrocarbons  only  carbon  dioxide 
would  be  evolved. 

The  actual  constitution  of  these  unsaturated  compounds  in  the  heavier  oils  is 
still  undetermined,  as  is  also  their  method  of  production,  but,  as  regards  the  latter, 
the  probability  is  that  they  are  formed  at  the  same  time  as  the  saturated  hydro- 
carbons instead  of  being  after-products  due  to  polymerisation. 

The  average  percentage  of  carbon  in  the  fractions  boiling  above  200  degs. 
C.  was  found  to  be  87  per  cent.,  thus  showing  a  greater  proportion  of  this  element 
than  is  contained  in  the  ethylene  series  (85'7).  The  lighter  fractions — boiling 
below  150  degs.  C. — contained  S3 "3  to  84 -4  per  cent,  of  carbon,  and  those  between 
150  and  200  degs.  C.  84-4  to  84 *7  per  cent.  C.  S. 


ITALIAN  PETROLEUM. 
Les  Petrohs  italkns.     By  C.  Flau>~et.     Moniteur  des  Produits  Chimiques,  1895, 

col.  xxv.}  S^o.  18. 
The  most  important  oil-producing  districts  in  Italy  are  Montanaro  di  Piacenza, 
Rivanozzuno,  near  Voghera,  Zocca-Casanria,  and  San-Giovanni-Incarico.  Montanaro 
oil  is  a  yellowish,  slightly  fluorescent  liquid,  neutral,  and  free  from  sulphuretted 
hydrogen.  It  has  a  specific  gravity  of  0'7849  at  15  degs.  C,  flashes  at  8  degs.  C, 
and  yields  the  following  approximate  percentage  of  fractions  : — 

(1)  44-7  of  light  oil  (specific  gravity  0-754),  flashing  at  15  degs.  C,  forming 

benzene. 

(2)  19'8  of  lighting  oil  distilling  at  127  to  150  degs.  C.  (specific  gravity  0787), 

flashing-point  5  degs.  C.     This  is  used  for  naphtha  lamps. 

(3)  22  of  burning  oil,  with  a  density  of  0  812,  a  flashing-point  of  40  degs.  C, 

and  a  boiling-point  of  150  degs.  to  203  degs.  C. 

(4)  14-4  of  heavy  oil  used  for  lubricating  (specific  gravity  0-862,  and  boiling- 

point  above  203  degs.  C. ) 

Rivanozzuno  oil  comes  from  a  spring  of  iodated  mineral  water,  accompanied  by 
natural  gas  (apparently  of  the  methane  series).  Its  specific  gravity  (0  9132)  is 
greater  than  that  of  American  and  Russian  oils,  but  lighter  than  that  of  the  Egyptian 
oil.  The  oil  is  highly  coloured,  viscous,  and  fluorescent,  containing  sulphuretted  hy- 
drogen, and  flashing  at  92  degs.  C.  The  yield  on  distillation  is  :  22  per  cent,  of 
fractions  boiling  below  230  clegs.  C. ,  with  a  specific  gravity  of  0'8843,  and  a  flashing- 
point  of  S6  degs.  C.  ;  33  per  cent,  of  oil  boiling  between  235  and  270  degs.  (specific 
gravity  0"9047,  flashing-point  110  degs  C. ;  colour  yellow,  fluorescent);  37  "1  per 
cent,  boiling  at  270  to  380  degs.  (specific  gravity  0-9302  ;  colour,  deep  yellow ; 
flashing -point  140  degs.  C. ) ;  and  7 '7  per  cent,  of  a  viscous,  dichroi'c  residue,  specific 
gravity  0'953,  and  flashing  at  190  degs.  C. 

Zocca-Casanria  oil  is  a  blackish  bitumen  of  fcetid  odour,  with  a  specific  gravity 
of  0"951,  and  flashing  at  86  degs.  C.  On  distillation  it  gives  about  3  per  cent,  of 
acid  water.  The  residue  left  after  some  two-thirds  of  the  bulk  has  distilled  over, 
is  readily  soluble  in  light  coal-tar  oils  and  makes  a  black  varnish  impervious  to  the 
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action  of  acids.  A  large  volume  of  sulphurous  gas  is  evolved  during  distillation, 
and  is  purified  by  passing  it  through  a  solution  of  lead  acetate.  The  distillates, 
amounting  to  63*5  per  cent.,  lose  34 -7  per  cent,  in  weight  on  treatment  with 
sulphuric  acid  and  soda,  leaving  23  4  parts  of  burning  oil. 

San-Giovanni-Incarico  petroleum  is  also  a  blackish  fcetid  bitumen,  of  a  specific 
gravity  of  0'97-t,  and  yields  on  distillation  69 '6  per  cent,  of  oil,  28*3  per  cent,  of 
pitch,  and  2*1  per  cent,  of  gas  containing  a  large  proportion  of  sulphuretted 
hydrogen.  The  distillates  have  also  an  offensive  odour  ;  they  yield  a  burning  oil 
of  a  specific  gravity  of  0-921,  and  flashing  at  85  degs.  C.  C.  S. 

ORIGIN  OF  GALICIAN  PETROLEUM. 

Le  petrole  de  Galicie,  hypotheses  concemant  sa  formation.      By  H.  Hufer. 
Revue  Universette  des  Mines,  1895,  vol.  xxxi.,  page  191. 

In  the  eighteenth  century,  several  theories  on  the  origin  of  petroleum  were 
advanced  by  writers  long  since  forgotten,  whose  works  have  been  unearthed  by 
the  author.  Mr.  F.  von  Baroldingen  (1778)  attributed  the  formation  of  oil  to  the 
subterranean  distillation  of  coal  at  high  temperatures,  citing  in  support  various 
circumstances  since  shown  to  be  irrelevant.  Mr.  Haquet,  in  1794,  held  that 
animal  remains  formed  the  chief  source  of  petroleum,  and  commented  on  the 
genetic  relation  between  petroleum  and  salt,  but  his  premises  were  unsound, 
since  in  the  Carpathians  the  quantity  of  animal  remains  found  is  much  smaller 
than  he  imagined,  and  the  chief  oil-layers  in  Galicia  occur  in  the  Eocene,  which  is 
poor  in  fossils,  and  underlies  the  Miocene,  wherein  the  salt-beds  are  found.  Still, 
to  this  investigator  belongs  the  honour  of  being  the  first  advocate  of  the  animal 
theory  (which  is,  after  all,  the  only  admissible  one),  for  the  apparent  contradiction, 
due  to  the  lack  of  animal  remains  in  petroliferous  strata,  is  explainable  by  the 
assumption  that  the  solid  portions  of  the  animal  (consisting  largely  of  carbonate 
of  lime)  have  been  dissolved  by  water  charged  with  carbonic  gas,  which  gas  was 
evolved  in  large  volumes  —proportionate  to  the  quantity  of  animal  matter  present 
— during  the  process  of  transformation  of  this  matter  into  petroleum. 

Mr.  P.  C.  Kluk  maintained  that  the  earth  alone  was  the  source  of  such  bodies 
as  petroleum,  asphalt,  amber,  copal,  sulphur,  coal,  etc.,  and  that  to  the  diminution 
of  fertility  was  due  an  accumulation  of  fatty  matters  in  the  earth,  into  which 
they  descended  gradually  by  their  own  weight,  and  coming  into  contact  with  other 
matters  underwent  transformation,  a  condition  favoured  by  the  Deluge. 

C.  S. 

PETROLEUM  IN  RUSSIA. 
lieuer  Petroleum  fund.  Axon.  Der  Seifenfabrikant,  1895,  vol.  xv.,  pages  787-788. 
Recently  a  new  oil-field  has  been  discovered  in  the  plain  between  Wladikawkas 
and  Petrowsk,  in  the  vicinity  of  Grosnoje,  where  a  well  suddenly  began  to  spout  at  a 
rate  exceeding  that  of  the  most  famous  of  the  Baku  fountain-wells.  The  daily 
production  is  taxed  at  about  a  million  poods  (16,000  tons),  and,  being  utterly 
beyond  control,  the  outflow  quickly  iilled  the  tank  constructed  for  the 
reception  of  the  oil,  which  therefore  began  to  run  all  over  the  surrounding  land, 
flooding  the  streets  in  the  Cossack  town  and  flowing  into  the  river  Restjanka. 
The  air  was  filled  with  oil-spray  and  vapour,  rendering  respiration  difficult  and 
the  danger  of  conflagration  so  imminent  that  no  tires  were  allowed  to  be  lighted. 
The  pressure  on  the  dam  of  the  tank  proved  too  great  for  its  strength  and 
it  gave  way,  the  oil  pouring  out  of  a  breach  about  12  feet  wide  and  3  feet  in 
depth.  C.  S. 
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PETROLEUM  IN  ASSAM. 
Axon".     Indian  Engineering,  1895,  vol.  xviii. ,  page  40. 
The  borings  for  petroleum  at  Makum,  in  Assam,  have  been  stopped,  as  no  satis- 
factory results  were  obtained.     At  Digboi,  however,  thirteen  bore-holes  have  been 
put  down  and  seven  wells  are  at  work.  J.  W. 


PETROLEUM  IN  UPPER  BURMA. 
ANON.  Indian  Engineering,  1895,  vol.  xviii.,  page  181. 
The  total  .quantity  of  petroleum  extracted  in  1894  was  10,276,218  gallons, 
against  S,69S,424  in  the  previous  year.  Of  this  quantity,  Arakan  contributed 
256,701  gallons,  against  308,091  dining  the  same  period  of  1S93.  The  old  restric- 
tion prohibiting  new  wells  being  sunk  within  300  feet  of  old  ones  has  been 
abolished,  as  subsequent  experience  gained  shows  that  new  wells  sunk  within  60 
feet  of  existing  wells  do  not  reduce  the  output  of  the  latter.  A  very  good  yield  is 
expected  from  the  new  wells  at  Kyaukpyu  and  Yenangyaung  dming  the  current 
year.  J.  W. 

PETROLEUM  IN  PERU. 

Le  Pctrole  au  Perou.      By  Carlos  B.    Cisseros.      Memoires  de  la  Societe  des 

Ingenieurs  Civil*.      Bulletin,  1894,  vol.  xlvii.,  j>ages  897-898. 

The  author  states  that  petroleum  occurs  at  many  points  of  the  Peruvian 
territory,  but  the  most  important,  and  so  far  the  only  worked,  deposit  is  that  in 
the  department  of  Puira.  The  area  of  the  Puira  oil-field  is  reckoned  at  32,000 
square  kilometres  (7,907,200  acres)  and  it  is  barely  10  miles  distant  from  the  Pacific 
sea-board.  The  oil  is  got  very  near  the  surface,  sometimes  within  30  feet  of  it, 
and  the  deepest  shafts  never  go  below  800  feet.  The  work  of  boring  is  much 
facilitated  by  the  character  of  the  strata  which,  down  to  150  feet,  consist  of  sands, 
impervious  clays,  conglomerates,  and  slates,  and  the  price  of  boring  (5s.  per  foot 
in  depth  for  a  diameter  varying  from  4  to  12  inches)  is  only  half  of  that  paid  for 
the  same  work  in  the  United  States.  As  most  of  the  borings  give  vent  to  ruuning 
springs  [of  oil]  there  is  reason  to  believe  that  we  have  here  to  deal  with  vast  under- 
ground lakes  of  petroleum. 

Several  refineries  have  been  started,  the  three  most  important  being  those  of 
Zorritos,  Heath,  and  Talara — the  last-named  is  the  largest  of  all.  That  and  the 
Zorritos  works  account  respectively  for  30  and  14  wells  out  of  the  49  at  work  in 
the  oil-field.  The  plant  is  of  the  most  modern  description,  and  produces  kerosene 
and  all  its  derivatives. 

At  the  Talara  refiuery,  the  storage-tanks  have  a  capacity  of  220,000  gallons, 
and  there  are  several  retorts  which  can  distil  at  once  more  than  28,600  gallons. 
The  refinery  uses  its  own  steamers  for  carrying  the  oil.  At  Zorritos,  the  shafts  are 
within  a  few  feet  one  of  the  other  and  of  the  sea-shore.  Each  of  the  two  works 
is  provided  with  a  harbour  of  its  own,  protected  by  good  breakwaters  and  light- 
houses, and  has,  moreover,  Decauville  railways,  telegraph,  telephone,  and  electric- 
lighting  plant. 

The  total  annual  production  of  Peru  at  the  present  time  may  be  estimated  at 
17,600,000  gallons,  and  would  thus  make  that  country  the  sixth  greatest  petroleum 
producer  in  the  world.  Most  of  the  oil  is  consumed  in  Peru  itself,  on  the  railways 
and  in  the  metal  foundries.  Small  quantities  are  exported  to  the  neighbouring 
States  and  to  China.  But  it  seems  quite  probable  that  Peru  will  one  day  compete 
with  the  Caucasus  for  the  supply  of  the  world's  markets.  O.  S.  E. 
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FLORIDA  PEBBLE-PHOSPHATES. 

By  E.  W.  Codington".     Engineering  and  Mining  Journal  [New  York],  1S95, 
vol.  lx.,  page'315. 

The  district  in  which  these  deposits  occur  is  bounded  by  the  Peace  river  and  the 
Gulf  of  Mexico.  The  author  describes  the  different  methods  of  mining,  removing 
the  overburden,  and  the  phosphate-conglomerate,  also  the  appliances  for  drying 
rock,  and  preparing  it  for  market.  The  area  of  the  deposits  is  estimated  at  about 
5,000  acres. 

A  phosphate-deposit  to  be  workable,  under  existing  conditions,  and  assuming 
the  use  of  the  latest  machinery,  must  fulfil  the  following  specifications  : — On  the 
basis  of  a  phosphatic  stratum  of  12  feet  in  depth,  averaging  600  lbs.  of  dried 
pebble  to  the  cubic  yard  of  mass,  the  overburden  should  not  exceed  3  feet  if  it 
contain  sand-conglomerate,  or  12  feet  if  free  from  the  conglomerate.  The  cargo- 
samples  of  rock  should  not  contain  less  than  65  per  cent,  of  phosphate  of  lime,  nor 
more  than  3  per  cent,  of  iron  oxide  and  alumina  ;  lastly,  the  position  should  be  such 
as  to  present  no  special  difficulties  in  mining.  J.  W. 


PUMICE-STONE  MINING  IN  THE  LIP  API  ISLANDS. 

By  Norman  Douglas.      British  Foreign  Office  Report,  Xo.  378,  Italy,  1895. 

Pumice  occurs  on  most  shores  of  the  Tyrrhenian  Sea,  but  that  of  commerce  is 
now  almost  exclusively  obtained  from  the  island  of  Lipari,  lying  to  the  north  of 
Sicily.  This  mineral  is  a  trachytic  lava,  rendered  light  and  scoriaceous  by  the 
escape  of  gases,  and  every  gradation  can  be  traced  from  this  condition  to  the  heavy 
vitreous  matter  of  similar  composition  known  as  obsidian.  Good  pumice  contains  : — 
Silica,  73'70  per  cent.  ;  alumina,  12"27  per  cent.  ;  potash,  4-73  per  cent.  ;  soda, 
4-52  per  cent.  ;  oxide  of  iron,  2*31  per  cent.  ;  water,  lime,  etc.,  2'47  per  cent. 

The  best  pumice-stone  in  Lipari  is  the  product  of  the  Monte  Chirica  volcano, 
with  its  accessory  craters,  Monte  Pelato  and  Forgia  Vecchia.  In  excavating  the 
mineral,  tunnels  or  galleries  are  dug  into  the  layers  of  denuded  lapilli  and  ashes 
that  have  gradually  covered  the  pumice.  The  mineral  is  sometimes  found  near  the 
surface,  at  other  times  under  a  layer  of  white  tufa.  Digging  is  not  difficult.  The 
tunnels  are  so  narrow  that  two  men  can  barely  pass  ;  they  are  lighted  at  intervals 
by  small  terra-cotta  lamps  of  antique  form.  The  number  of  tunnels  actually  work- 
ing has  been  estimated  at  250,  but  they  vary  greatly  in  size.  The  number  of 
workmen  also  fluctuates,  according  to  their  personal  requirements  and  the  season 
of  the  year,  but  has  been  estimated  at  about  1,000,  of  whom  600  are  miners.  The 
deposits  are  so  extensive  that  the  supply  is  practically  inexhaustible.  Pumice 
washed  up  by  the  sea  is  hardly  ever  collected  nowadays.  J.  W. 


NOTES  ON  THE  UN  WATERING  OF  A  FLOODED  MINE,  AND  ON  THE 

PERMEABILITY  OF  NATURAL  STRATA  TO  AIR. 

By  B.  S.  Randolph.     Transactions  of  the  American  Institute  of  Mining 

Engineers,  1894,  vol.  xxiv.,  pages  21-25. 

Umvatering  of  a  Flooded  Mine.—  -The  mine  referred  to  is  one  of  the  Consolidated 

Coal  Company's  slopes  into  the  big  vein  or  Pittsburg  coal-seam,  near  George's 

Creek  in  Maryland.     The  slope  had  been  driven  down  the  dip  of  the  seam,  making 

such  an  angle   with   the  line  of  greatest  dip  as  to  give  a  grade  of  1  to  10  per 

cent.     The  coal  was  worked  from  each  side  of  the  slope  in  successive  lifts. 
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From  the  top  of  the  slope  down  to  the  fourth  lift— a  distance  of  4,000  feet — 
the  water  is  drained  by  gravity,  through  a  heading,  into  the  adjoining  mine ; 
but  below  this  point  the  water  was  pumped  up  into  this  same  heading  and  flowed 
off  by  gravity. 

During  March,  1891,  these  pumps  were  overpowered  by  a  sudden  inrush  of 
water,  and  the  lower  workings  were  temporarily  abandoned  and  allowed  to 
fill.  It  was  then  determined  to  sink  a  shaft  to  reach  the  seam  near  the  foot  of 
the  slope  and  to  put  in  a  lai'ge  pumping-plant.  While  the  shaft  was  being  sunk 
and  the  lower  levels  allowed  to  fill,  an  area  of  coal  lying  below  the  fourth  lift 
was  worked  in  such  a  way  that  the  water  from  that  part  of  the  mine  already 
opened  could  not  flow  into  it,  and  the  output  was  thus  maintained.  During  this 
time  the  lower  levels  filled  up  to  the  fourth  lift,  giving  a  head  of  about  80  feet 
when  the  water  was  drawn  off. 

The  coal  in  this  district  is  very  soft,  friable,  and  full  of  slips  lying  at  every 
angle.  To  approach  this  body  of  water  with  a  head  of  80  feet  through  such 
material  was  a  hazardous  undertaking,  so  the  following  method  was  adopted : — 
From  the  foot  of  the  shaft  a  heading  was  driven  in  the  seam  to  within  100  feet 
of  the  original  slope,  and  another  heading  about  40  feet  higher  up,  and  these 
headings  were  connected  by  a  vertical  winze.  A  third  heading  was  started  12  feet 
from  the  bottom  of  this  winze  to  a  point  immediately  above  the  slope.  Several 
pieces  of  4  inches  cast-iron  pipe  were  sunk  in  the  floor  of  this  latter  heading,  right 
over  the  slope,  and  made  fast  with  cement,  etc.  ;  gate-valves  were  then  bolted  to 
the  ends  of  these  pipes,  and  holes  bored  through  them  into  the  water.  On  the 
drills  being  withdrawn  and  the  valves  closed  the  flow  of  water  to  the  shaft 
could  be  controlled  as  desired.  When  the  water  had  run  down  to  the  level  of 
the  valves  the  intervening  rock  and  coal  were  gradually  broken  down. 

The  Permeability  of  Natural  Strata  to  Air. — Previous  to  the  flooding  of  the 
mine  the  slope  had  been  driven  down  about  2,500  feet  below  the  fourth  lift 
without  opening  off  any  workings  to  the  north  side.  At  this  point  (the  sixth 
lift)  headings  were  driven  north  and  south.  In  the  north  heading,  a  second 
heading  A  was  driven  to  the  rise  about  200  feet  away  from  the  slope  and  parallel 
to  it,  and  out  of  this  heading,  rooms  or  workings  were  started.  The  face  of  these 
rooms  was  about  40  feet  above  the  bottom  of  the  heading  A,  and  a  considerable 
quantity  of  air  was  entrapped  in  them  by  the  rising  of  the  water.  For  quite 
nine  months  the  water  would  have  a  head  of  40  feet  in  these  rooms,  and  subse- 
quent examination  proved  that  they  had  been  quite  full  of  water,  and  that  the 
air  must  therefore  have  been  expelled  through  not  less  than  200  feet  of  solid  coal. 

Whilst  these  workings  were  abandoned  the  output  was  kept  up,  as  already 
mentioned,  by  separate  workings  below  the  fourth  lift,  and  these  were  gradually 
extended  during  the  pumping  of  the  water  till  they  holed  into  the  rooms  below. 
At  the  time  of  holing,  the  water  in  the  slope  was  about  10  feet  lower  than 
the  face  of  the  old  rooms  ;  but  a  violent  rush  of  air  into  these  rooms  occurred  and 
the  water  suddenly  rose  about  7  feet  vertically  in  the  slope.  Thus,  the  air  had  not 
been  able  to  follow  in  through  the  coal  as  fast  as  the  water  was  pumped  out,  and  the 
result  was  a  vacuum  equal  to  a  water-column  7  feet  high.  The  time  during  which 
the  water  was  lower  in  the  slope  than  the  face  of  the  rooms,  and  therefore,  during 
which  the  air  was  being  drawn  back  into  the  rooms  was  about  a  fortnight. 

Some  years  ago  the  writer  drove  into  a  heading  in  the  same  seam  which  had 
been  driven  over  an  anticlinal  dome.  The  heading  had  been  filled  with  water  at 
a  head  of  more  than  80  feet,  and  yet  the  air  in  the  crown  of  the  dome  had  never 
been  expelled.  In  this  case  the  roof — a  slate  rock — was  at  right  angles  to  the 
stratification. 
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It  is  therefore  to  be  inferred  that  air  will  pass  slowly  through  soft  semi- 
bit  umeuous  coal,  but  will  not  pass  to  a  perceptible  degree  through  slate  rock  at 
right  angles  to  the  stratification.  A.  W.  Gr. 


AUSTRIAN  SAFETY-LAMP  TESTING  APPARATUS 
Unter-suchungs-Apparate  fur  Gruben&icherheitslampen  beim   graflich   Wilczetfschen 
Bergbaubetriebe  in  Polnisch-Ostraii.     By  Jos.  Maferhofer.     Oesterreichische 
Zeitschrift  fur  Berg-  unit  HiUtenwesen,  1S95,   col.   xliii.  pages  654-655,  and 
plate  XX. 

At  Count  Wilezek's  collieries  in  Polnisch-Ostrau,  Wolf  safety-lamps,  wherein  the 
air  is  admitted  from  above,  are  used,  and  the  igniter  is  of  pattern  No.  90.  The  testing 
apparatus  is  worked  as  follows  :  the  lamp  is  first  of  all  placed  over  a  gutta-percha 
receiver,  so  arranged  that  the  bottom  of  the  lamp  fits  closely  into  it.  The  receiver 
stauds  on  a  column  fixed  to  a  leaden  slab,  and  is  thus  perfectly  stable.  Into  the 
bottom  of  the  receiver  is  fitted  a  stopcock  commimicatmg,  by  means  of  an  india- 
rubber  pipe,  with  the  air-compressor.  The  air-compressor  may  be  regarded  as 
consisting  practically  of  three  parts — a  fixed  central  portion  of  cast-iron,  solidly 
mounted  on  a  table,  and  two  ordinary  sheet-iron  dome-topped  cylinder-ends, 
which  are  well  ground  on  to  the  outer  surface  of  the  compressor,  and  are  stiffly 
hooped  together  by  flat-iron  bands.  On  both  sides  of  the  cylinder,  a  coupling  rod, 
which  turns  round  a  central  bolt,  fastens  on  to  the  middle  of  the  above-mentioned 
bands,  and  the  whole  system  is  driven  by  a  hand  fly-wheel  which  transmits  the 
motion  to  the  crank.  Suction-valves  are  inserted  in  the  summits  of  the  dome- 
topped  cylinder  ends,  and  are  alternately  opened  and  shut  by  spiral  springs,  while 
the  cylinder-ends  slide  to  and  fro  on  the  central  and  fixed  portion.  On  this  central 
portion  are  fixed  in  a  suitable  manner  the  two  pressure-valves.  At  the  top  is 
screwed  a  hollow  cylinder  into  which  open  six  brazen  nozzles  from  as  many  india- 
rubber  tubes.  Thus,  at  one  and  the  same  time,  six  different  safety-lamps  may  be 
connected  up  with  the  apparatus. 

Another  apparatus,  answering  the  same  purpose  as  the  foregoing,  but  differing 
from  it  iu  the  method  of  compressing  and  introducing  the  air,  is  in  use  at  the 
Emma  pit.  Here,  instead  of  a  compressing-cylinder,  something  of  the  nature  of  a 
gasometer  is  used.  The  lamp-testing  room  is  shut  off  by  a  12  inches  wall  from  the 
air-compressing  apparatus.  This  consists  of  a  sheet-iron  bell,  which  is  suspended 
so  as  to  dip  below  the  surface  of  the  water  contained  in  a  cylindrical  recipient  sunk 
in  the  floor.  A  hand-winch,  connected  with  a  wire  rope  running  on  pulleys  to  the 
lamp-testing  room,  raises  the  bell  when  required.  The  bell  is  counterbalanced  by 
weights  running  on  blocks  ;  as  it  rises  the  suction-valve  opens  automatically,  and 
the  required  amount  of  atmospheric  air  flows  into  the  bell.  On  the  wire  rope  being 
released,  the  bell  shiks  by  its  excess  of  weight,  the  suction-valve  closes  automati- 
cally, and  the  ah'  is  forced  into  the  main  pipe.  The  latter,  led  through  a  suitable 
opening  in  the  wall,  debouches  into  a  small  pressure-regulator,  mounted  on  a 
column.  Thence  through  six  distributing-tubes  the  air  makes  its  way  to  the  corre- 
sponding gutta-percha  receivers,  in  which  are  placed  the  lamps  under  investigation. 
An  air-nozzle  flattened  out  in  semicircular  shape  at  its  upper  end,  so  that  it 
embraces  half  of  the  circumference  of  the  lamp,  is  fixed  thereto  at  the  point  where 
the  upper  portion  of  the  lamp  screws  on  to  the  lower.  By  means  of  another  air- 
nozzle,  tapering  off  in  the  usual  way,  with  a  diameter  of  about  T'o  inch,  the  entire 
external  surface  of  the  lamp  may  be  tested  with  compressed  air.  0.  S.  E. 
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RE-WORKING  OF  ANTHRACITE  CULM-BANKS. 

By  Arthur  W.  Sheafer.     Transactions  of  the  American  Institute  of  Mining 

Engineers,  1S94,  vol.  xxiv.,  pages  364-371. 

The  author  gives  eight  instances  of  old  culm-banks  which  are  being  reworked, 
and  which  in  some  instances  are  yielding  60  per  cent,  of  marketable  coal.  The 
results  obtained  are  tabulated  according  to  the  different  sizes  of  small  coal  down  to 
buckwheat,  which  will  pass  through  a  h  inch  screen  mesh.  The  author  thinks  that 
there  will  be  a  demand  for  sizes  smaller  than  buckwheat  in  the  near  future,  which 
will  still  further  increase  the  yield  from  these  so-called  refuse  banks. 

A.  W.  G. 


SILVER  DISTRICT  OF  TEHUILOTEPEC,  GUERRERO,  MEXICO. 
By  Edward  Hal.se.     Engineering  and  Mining  Journal  [New  York},  1895,  vol.  L:., 

page*  197-199. 

Tehuilotepec  (meaning  mountain  of  crystals)  was  founded  early  in  the 
eighteenth  century.  It  lies  about  3  miles  east  of  the  town  of  Tasco,  the  two 
forming  one  of  the  first  mining  centres  founded  by  the  Spanish  conquistadores. 

The  mine  which  is  worked  most  at  present  is  that  known  as  Los  Remedios.  The 
principal  workings  are  about  1,500  feet  south-east  of  the  church  of  Tehuilotepec. 
The  ore  consists  of  argentiferous  marcasite,  argentite,  and  dark  ruby  silver,  with 
a  little  blende  and  chalcopyrite  in  a  gangue  of  quartz  and  calcite.  The  pay  streaks 
run  about  200  ounces  of  silver  and  0*12  ounce  of  gold,  while  the  low-grade  ore 
(hand-picked)  goes  about  40  ounces  of  silver,  with  only  traces  of  gold  per  short  ton. 
At  the  San  Augustin  adit,  the  vein  is  8  to  10  feet  thick,  and  contains  muck  calcite 
in  large  rhombohedral  crystals.  The  ore  is  fine  grained,  argentiferous  galena, 
marcasite  (always  silver-bearing),  with  some  copper  pyrites,  zinc  blende,  and 
crystals  of  ruby  silver. 

The  principal  vein  in  the  Tasco  district  proper  is  that  known  as  Pedregal.  It 
lies  immediately  north-east  of  the  town,  and  is  the  deepest  in  the  district,  the 
main  shaft  having,  it  is  said,  a  depth  of  984  feet.  A  large  quantity  of  fair  grade- 
ore  is  said  to  have  been  left  in  the  bottom  workings.  The  high  grade  ore  yields 
from  185  to  237  ounces  of  silver  per  short  ton.  Between  the  two  ribs  there  is  ore 
of  ordinary  grade.  The  whole  vein  is  said  to  average  over  100  ounces  of  silver  per 
ton. 

At  Mr.  Romero  Rubio's  reduction  works  in  Atlistac  and  Santa  Barbara,  four 
processes  have  been  tried  : — (1)  Patio  or  cold  amalgamation  process ;  (2)  Barrel 
amalgamation  or  Freiberg  process  ;  (3)  Pan  or  hot  amalgamation  process  ;  and  (4) 
Smelting  in  a  blast-furnace. 

In  the  author's  opinion,  the  solution  of  the  problem  appears  to  lie  in  wet 
crushing  and  concentration  in  vanning-machines  before  treatment  in  the  pans. 
The  concentrates  could  afterwards  be  roasted  and  smelted  with  plumbiferous  ores, 
etc.  In  some  of  the  ores  blende  appears  to  be  an  abundant  constituent ;  to 
eliminate  this,  coarse  crushing  and  concentration  by  jigging-machines  would  be 
necessary  before  further  treatment.     Raw  amalgamation  is,  evidently,  a  mistake. 

It  is  an  error  to  suppose  that  Tasco  is  either  a  played-out  district  or  in  its 
decline.  The  author  is  convinced  that  by  opening  up  and  exploiting  the  veins 
according  to  the  local  laws  of  ore-deposition  therein,  and  by  treating  the  ores  on 
some  such  system  as  that  suggested,  large  profits  could  be  made  there  for  a  long 
time  to  come. 

The  discovery  of  new  silver  deposits  elsewhere,  especially  in  the  northern 
States,  has  diverted  attention  from  Zacatecas,  Catorce,  Tasco,  and  other  classical 
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districts,  but  when  more  or  less  depth  has  been  attained  in  the  new  camps  con- 
siderable attention  is  once  more  likely  to  be  directed  to  the  older  mhiing  centres 
of  the  Republic,  unless,  indeed,  new  and  richer  districts  be  discovered  in  the  mean- 
time. J.  W. 


TINA  AMALGAMATION  FOR  SILVER  EXTRACTION. 

By  Vincexte  Pazos  y  Sacio.     Engineering  and  Mining  Journal  [New  York], 
1895,  vol.  lx.,  pages  253-254. 

It  is  strange  that  the  method  of  tina  amalgamation,  as  used  in  South 
America,  or  any  other  in  which  iron  is  replaced  by  copper  in  the  process  of 
amalgamation,  has  not  been  tried  in  the  United  States.  If  the  Huanchaca 
method  were  once  tried  it  would  rapidly  replace  pan-amalgamation  in  districts 
where  fuel  is  scarce,  and  the  ore  to  be  amalgamated  is  rich  and  rebellious.  As 
an  instance  of  the  superiority  of  the  tina  method,  the  Ticapampa  works  may  be 
mentioned,  where  lixiviatiou  and  amalgamation  were  carried  on  side  by  side, 
working  on  the  same  ore  and  under  the  same  management.  After  some  time 
lixiviation  was  given  up,  and  all  the  ore  is  now  treated  by  tina  amalgamation. 

After  treating  of  the  advantages  and  disadvantages  of  the  tina  as  compared 
with  iron  pans,  the  author  sums  up  as  follows:  — By  using  copper  instead  of  iron 
in  the  process  of  amalgamation,  nothing  more  is  done  than  intensifying  the 
affinities,  making  the  same  weight  of  reagents  do  more,  quicker,  and  better 
work,  not  only  on  the  silver  compounds  but  also  on  the  mercury  compounds 
which  tend  to  form  during  amalgamation,  eliminating  at  the  same  time  all 
hurtful  reactions.  The  writer  has  no  data  of  the  pan  and  tina  working  on  the  same 
ore,  but  from  results  obtained  in  Peru,  taking  as  a  starting-point  ore  that  has 
to  be  roasted  eight  hours  in  the  reverberatory  furnace,  the  pan  and  tina  processes 
will  compare  as  follows  : — 

Pan  Amalgamation. 

8  hours 

16  to  8  per  cent. 
8  hours 
4  hours 

Jrd  of  silver  produced 
25  per  cent. 
600  to  700  


Roasting 

Salt         

Time  in  pan 
Time  in  settler... 
Mercury  lost    ... 
Silver  lost 
Fineness  of  bullion 


Tina  Amalgamation. 

6  hours. 
10  to  12  per  cent. 
6  hours. 
•4  to  6  hours. 
5  and  less. 
20  per  cent. 
900  and  upwards. 
J.  W. 


THE  EFFECT  OF  WASHING  WITH  WATER  UPON  THE  SILVER 
CHLORIDE  IN  ROASTED  ORE. 

By  W.  S.  Mokse.     Engineering  and  Mining  Journal  [New  York],  1895,  vol.  lx., 

page  368. 

The  going-back  of  chlorination  during  the  Mashing  of  roasted  silver  ores  with 
water  has  been  a  serious  difficulty  in  many  leaching  works,  notably  in  the  treat- 
ment of  such  ores  by  the  Russell  process  at  Aspen,  Colorado.  The  theory  of  Mr. 
L.  D.  Godshall  was  that  such  reversion  was  due  to  the  presence  in  the  roasted  ore 
of  sulphurous  acid,  acting  as  a  reducing  agent. 

The  author  attributes  the  going-back  to  the  presence  of  sulphides  of  the  base 
metals,  which  have  escaped  oxidation  in  the  roasting.      In  the  Aspen  ores,  the 
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difficulty  was  due,  he  thinks,  to  zinc  sulphides,  which  were  not  decomposed  in  the 
rapid  roasting  in  the  Stetefeldt  furnace. 

Mr.  Morse  believes  that  the  reactions  between  chloride  of  silver  and  the 
sulphides  of  the  base  metals  are  of  great  importance  in  the  leaching  of  silver  ores, 
either  with  brine,  hyposulphite,  or  the  Russell  solutions.  This  point,  he  considers, 
has  been  overlooked  bv  many  investigators.  J.  W. 


LAND  SUBSIDENCE  AT  BRUX,   BOHEMIA. 

Die  Bodentenkuny  in  der  Sladt  Brux,  B&hmen.     By  R.  Helmhacker.     Gliickauf, 
1895,  vol.  xxxi.,  pages  1215-1217. 

A  considerable  subsidence  of  land  occurred  on  July  19th,  1895,  through  the 
breaking  down  of  the  strata  overlying  the  workings  in  the  brown-coal  pits  under 
the  town,  and  the  consequent  escape  of  a  large  volume  of  quicksand  contained  in 
the  shalv  clay.  Sixty-six  houses  were  rendered  uninhabitable,  thirty-one  of  them 
being  totally  destroyed,  and  some  2.000  people  were  left  homeless  by  the  catas- 
trophe. 

The  coal-seams  underlying  this  district  form  part  of  the  great  Bohemian  brown- 
coal-field,  which  here  consists  of  only  the  upper  and  lowermost  beds,  divided  into 
from  two  to  four  seams,  with  intermediate  strata  of  ~h,  8,  and  8  feet  respectively. 
The  main  seam  extends  parallel  with  the  Erzgebirge,  at  varying  depths,  being 
only  16  feet  below  the  surface  at  a  point  near  Brux,  but  375  feet  at  Kopitz,  4  miles 
to  the  north-west,  750  feet  at  Rosenthal,  a  further  distance  of  4  miles,  and  1,000 
feet  deep  another  5  miles  further  away.  In  thickness  it  averages  between  50  and 
80  feet,  with  a  maximum,  near  Bilin,  of  125  feet. 

Around  and  under  the  town  of  Brux  the  seam  lies  nearly  horizontal,  at  about 
325  feet  from  the  surface,  and  is  covered  by  a  layer  of  shaly  clay,  interspersed  with 
beds  of  quicksand  (quartz-sands  saturated  with  water),  from  10  to  65  feet  in  thick- 
ness ;  and  the  subsidence  is  due  not  merely  to  the  breaking  of  the  cover -rock  in 
the  workings,  but  also  to  the  cavities  produced  by  the  escape  of  these  sands  from 
their  original  position. 

The  workings  imder  the  town  consist  of  two  headings  from  the  Anna  shaft, 
worked  on  the  panel  system.  The  fracture  occurred  at  a  distance  of  4,600  feet 
from  the  shaft,  and  2,300  feet  from  the  new  winding-shaft,  and  it  is  calculated 
that  some  2,000,000  cubic  feet  of  sand  found  its  way  into  the  workings,  filling  up 
the  old  shaft  to  a  depth  of  30  feet,  and  lying  in  dense  masses  in  the  ways,  thereby 
preventing  the  influx  of  water. 

The  effect  of  the  subsidence  at  the  surface  was  the  formation  of  numerous  holes, 
some  of  them  as  much  as  50  feet  deep,  and  large  fissures  in  the  ground.  A  con- 
siderable depression  was  produced  at  the  railway-station  ;  and  part  of  the  prelimin- 
ary investigation  of  the  seat  of  the  disaster  was  devoted  to  ascertaining  whether 
the  safety-stowing,  which  should  have  been  erected  in  the  workings  under  this 
place,  had  been  omitted.  They  have  been  discovered,  and  the  feeling  is  therefore 
against  relying  on  such  means  of  security  alone  under  similar  geological  conditions. 

Several  trial-borings  have  been  made  around  and  within  the  area  affected,  and 
reveal  the  existence  of  cavities  from  which  the  quicksand  had  escaped.  A  com- 
mission is  carrying  on  the  work  of  investigation,  with  a  view  to  ascertaining  the 
means  of  preventing  the  recurrence  of  similar  accidents.  C.  S. 
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SULPHUR-MINING  IN  SICILY. 
Anon.     Engineering  and  Mining  Journal  {New  York),  1892,  vol.  liii.,  page  278. 

The  mining  and  fusing  of  sulphur  is  still  carried  on  in  the  most  primitive  fashion 
in  Sicily,  partly  from  lack  of  enterprise  and  partly  too  from  want  of  capital,  which 
cannot  be  induced  to  invest  in  any  undertaking  on  the  island.  In  the  majority  of 
mines  machinery  is  unknown,  and  in  the  larger  and  more  valuable  mines  only 
pumps  and  hoisting-apparatus  are  used.  Manuel  labour  is  universal,  and  a  great 
many  children  find  employment  in  carrying  the  mineral  from  the  mine  to  the 
sui-face  in  baskets  on  their  heads. 

A  description  is  given  of  the  foiu*  systems  of  melting  sulphur  in  Sicily — the 
Calcherone,  the  Sinopoli  furnace,  the  steam  process,  and  the  Gill  furnace. 

The  mean  cost  of  mining  sulphur  in  Sicily  is  : — 

Per  Ton. 

£     s.       d. 

Mining  and  hoisting  1     6     4*8 

Melting        0    6    4-8 

General  expenses   ...         ...         ...         0    4    0 


£ 

s. 

d. 

0 

0 

77 

0 

1 

8-2 

0 

9 

7-2 

0 

0 

2-4 

Total 1  16    9-6 

Phis  government  and  town  dues,  which  reach  as  high  as  30  per  cent,  of  the  profits. 
Shipping  expenses  for  the  past  three  years  have  averaged  : — 

Cartage  from  railway-car  and  storage  in  warehouses 

Transportation  on  lighters 

Customs  dues 

Chamber  of  Commerce  dues 

Total 0  12     1-5 

Crude  sulphur,  as  exported,  is  divided  into  seven  different  qualities  or  grades. 
The  difference  between  two  such  grades  amounts  to  little  more  than  Is.  3d.  per  ton. 

Sulphur  is  only  refined  in  Catania  ;  a  description  is  given  of  the  Sinopoli  furnace 
as  used  there.  In  comparing  this  furnace  with  the  Calcherone  system  an  increase 
of  6*5  per  cent,  is  shown  in  the  yield  by  the  Sinopoli,  which  at  the  current  price 
would  give  a  profit  of  Is.  8d.,  besides  the  improved  quality.  For  this  calculation, 
the  price  of  refined  sulphur  at  the  mine  is  taken  at  the  rate  of  £3  8s.  3d.  per  ton. 

J.  W. 


MINERAL  PRODUCTION  OF  TASMANIA. 
Anon.     Australian  Mining  Standard,  1895,  vol.  xi.,  page  4S9. 

The  total  yield  of  gold  for  the  year  has  been  58,301  ounces,  of  a  value  of 
£218,629,  an  increase  of  £55,921  on  the  previous  year.  The  silver  output  has  been 
19,665  tons,  value  £196,650,  an  increase  of  £11,960.  Tin  and  coal  both  show  a 
decrease.  The  total  value  of  all  minerals  for  the  past  year  was  £715,069,  an 
increase  of  £7,249. 

The  average  number  of  miners  employed  during  the  year  1894-5  has  been  3,334 
Europeans  and  455  Chinese,  and  the  number  of  companies  registered  70,  with  a 
capital  of  £254,910.  J.  W. 
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TEMPERATURE  OBSERVATIONS  IX  THE  DEEP  BOREHOLE  AT 

WHEELING,  WEST  VIRGINIA,  U.S.A. 

ANON.     Engineering  and  Mining  Journal.  (Xew  York),  1892,  vol.  liii.,page  454. 

The  Wheeling  borehole  was  sunk  by  the  Wheeling  Development  Company,  and 

by  it  generously  dedicated  to  science.      It  is  4,500  feet  deep,  4J  inches  in  diameter 

and  dry,   and  cased  to  a  depth  of   1,570  feet.      The  strata  are  nearly  in   situ, 

undistorted,  and  dipping  only  50  feet  to  the  mile.     More  satisfactory  geological 

conditions  can  scarcely  be  imagined.     Being  dry,  ordinary  U.S.   Signal  Service 

maximum  thermometers  were  used  to  record  the  temperatures,  and  no  especial 

precaution  taken  to  prevent  circulation  of  the  air.     The  following  results  were 

shown  : — 

Depth. 
Feet. 

1,350  

1.591  

1.592  

1,745  

1,835  

2,125  

2,236  

2,375  

2,486  

2,625  

2,740  

2,875  

2,900  

These  observations,  when  plotted,  show  a  slow  increase  for  the  upper  half  of 
the  uncased  portion,  about  1  deg.  Fahr.  for  80  to  90  feet,  whereas  the  lower  part 
shows  a  more  rapid  increase,  about  1  deg.  Fahr.  for  70  feet.  The  whole  series 
gives  a  well  defined  and  regular  curve,  with  a  deflection  at  2,900  to  3,000  feet, 
where  an  oil-sand  occurs.     Practically  all  the  rest  of  the  uncased  well  is  shale. 

The  results  of  observations  at  the  Sperenberg  borehole,  near  Berlin,  which  is 
4,170  feet  deep,  the  Schaladabach,  near  Leipsic,  which  is  5,740,  and  the  Wheeling 
well,  4,500  feet,  are  as  follows  :— Their  top  temperatures  are  given,  respectively, 
48-8  degs.,  5L0  degs.,  and  51 -3  degs.  Fahr.;  their  bottom  temperatures,  11S-6 
degs.,  135-5  degs.,  and  110-3  degs.  Fahr.;  which  shows  a  much  lower  average 
increase  in  temperature  in  the  Wheeling  borehole  than  in  the  others.         J.  W. 


Teni. 
Fahr. 
Deg. 

Depth. 
Feet. 

Tern. 
Fahr. 
Deg. 

68-75 

3,125        

88-40 

70-15 

3,232        

89-75 

70-25 

3,375         

92-10 

71-70 

3,482         

93-60 

72-80 

3,625        

96-10 

76-25 

3,730        

97'55 

77 '40 

3,S75         

100-05 

79-20 

3,980         

101-75 

80-50 

4,125        

104-10 

82-20 

4,200        

105-55 

83-65 

4,375         

10S-40 

85-45 

4,462         

110-15 

86-60 

OBSERVATIONS  ON  TEMPERATURE  AND  HUMIDITY  OF  THE  AIR 

AT  THE  MAYBACH  COLLIERY,  SAARBRUCKEN. 

Ueber  Feuchtigleits-  und  Tempt  rat  ur-  Beobachtungen  auf  Grube  Maybach  bei  Saar- 

brucken.     By  H.  Fischer.     Glilckauf,  1895,  vol.  xxxt.,  pages  1070-1072. 

The  Crown  colliery  of  Maybach  works  the  lowest  group  of  coal-seams  of  the 

Saarbrucken  coal-field.     The  middle  level  is  1,505  feet  (459  metres)  below  ground, 

and  the  deep  level  No.  1  now  in  course  of  forewinning  is  1,722  feet  (525  metres) 

below  ground.     The  considerable  depth  and  the  comparatively  horizontal  lie  of  the 

seams  form  all  but  insuperable  obstacles  to  the  irruption  of  surface-waters.     It  is 

true  that  a  small  quantity  finds  its  way  into  the  workings  through  fault-clefts,  and 

through  certain  thickly-bedded  but  much  fissured  conglomerates.     On  the  other 

hand,  the  high  temperatures  prevailing  at  these  depths  favour  the  rapid  desiccation 
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of  the  seams.  At  the  middle  level,  the  rock  temperature  has  been  determined  as 
84  degs.  Fahr.  (29  degs.  C),  and  at  deep  level  No.  1  as  89  degs.  Fahr.  (32  degs.  C). 
It  will  therefore  easily  be  understood  that  all  the  seams  in  the  pit  are  extremely 
dry,  and  when  worked  give  rise  to  large  quantities  of  fine  dust ;  to  allay  this,  the 
system  of  watering  already  described  in  the  Transactions  of  The  Federated  Institu- 
tion of  Mining  Engineers  was  adopted  in  1888.* 

In  regard  to  the  amount  of  water-vapour  present  in  pit  air,  it  will  be  recollected 
that  the  Prussian  Fire-damp  Commission  found  in  all  the  deep  workings  visited  by 
them  that  in  the  downcast  shafts  the  air  is  well  nigh  saturated.  But  the  longer  the 
airways  are  the  more  does  the  warmth  of  the  pit  air  increase,  and  its  capacity  to 
take  up  water  increases  in  incomparably  greater  proportion.  This  point  was  con- 
firmed by  the  experimental  investigations  as  to  saturation  and  temperature  of  the 
pit  air  which  were  started  at  the  Maybach  colliery  as  a  preliminary  to  the  inaugura- 
tion of  the  watering  system.  Two  Lamprecht  hygrometers  were  used,  and  as  the 
readings  of  the  instruments  differed  slightly  a  mean  between  the  two  readings  was 
taken  in  each  case.  The  measurements  appear  to  have  been  regular  lj-  continued, 
and  those  taken  on  May  1st,  1894,  are  selected  as  a  sample  : — 


Length  of  the  Air- 

Humidity. 

No. 

way  from  the  Pit-eye 
(or  Ingate)  of  the 
Downcast  Shaft  up 

Temperature  in 
Degrees. 

Observations. 

to  the  Point  of 

Relative. 

Absolute. 

Observation. 

Metres. 

Feet. 

Cent. 

Fahr. 

Per  Cent. 

Grammes. 

1 

50 

164 

145 

58 

79 

9-81 

0 

270 

885 

160 

60 

77 

10-48 

3 

750 

2,460 

17-0 

62 

76 

10-97 

4 

770 

2,525 

18-5 

65 

69 

10-93 

5 

820 

2,689 

19-5 

67 

72 

12-08 

6 

1,000 

3,280 

20-0 

68 

83 

14-43 

7 

1.030 

3,378 

22-5 

72 

84 

17  02 

8 

1,030 

3,378 

22-0 

71 

89 

17-24 

After  watering. 

9 

1,560 

5,117 

24-0 

75 

87 

18-87 

10 

1,700 

5,576 

22-0 

71 

85 

17-45 

11 

1,750 

5,740 

24-0 

75 

84 

18-22 

12 

1,750 

5.740 

23-5 

74 

89 

18-57 

After  watermg. 

13 

1,830 

6,002 

22-5 

72 

92 

18-65 

When  compared  with  the  results  obtained  before  the  pit  was  watered,  these 
figures  show  very  inconsiderable  differences.  Temperatures  are  slightly  lower, 
but  they  are  probably  attributable  to  the  improved  ventilation.  There  seems 
indeed  to  be  little  ground  for  the  theory  that  watering  would  improve  the 
climatic  conditions  of  the  pit  by  cooling  the  atmosphere,  or  for  the  same  reason 
would  diminish  the  risk  of  fire-damp  explosions.  The  samples  of  coal-dust  taken 
at  various  points  in  the  colliery  showed  2-05  to  3-65  per  cent,  of  water,  but  the 
researches  of  the  Prussian  Fire-damp  Commission  have  demonstrated  that  the 
explosive  properties  of  coal-dust  are  not  destroyed  until  it  has  taken  up  50  per 
cent,  of  its  weight  in  water.  Whence  it  is  concluded  that  coal-dust  remains 
hio-hly  dangerous  even  in  the  dampest  pit  air,  and  that  any  attempt  to  render 
it  harmless,  short  of  systematic  and  thorough  watering,  is  doomed  to  failure. 
For  this  reason  the  Kiirting  water-sprayers  have  been  practicallj-  abandoned  at 
the  Maybach  colliery  since  the  introduction  of  the  present  method  of  watermg, 
and  are  now  used  only  for  freshening  and  cooling  the  air  at  certain  points  in  the 
workings,  a  purpose  to  which  the}'  are  admirably  adapted. 
*  Vol.  ix.,  page  90. 
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We  have  seen  that  the  air,  in  its  course  through  the  workings  becoming  warmer 
ami  warmer,  takes  up  more  and  more  water,  but  at  the  upcast  shaft  it  cools  down, 
reaches  its  saturation-point,  and  deposits  a  part  of  the  water-vapour  in  the  form 
of  dew.  Measurements  taken  at  the  upcast  shaft  of  the  Maybach  colliery  on  May 
21st,  1894,  yielded  the  following  results  : — 


Temperature 

Humidity. 

Degrees. 

Relative. 
Per  Cent. 

Absolute. 

Cent. 

Fahr. 

Grammes. 

1 

Ail'  cross-cut,  32  8  feet  from 

the  ventilating  shaft 

25 

77 

93 

21-36 

2 

Ventilatmg-shaft,      at      the 
suction-inlet    of    the   fan 
(about    32*8    feet    below 

bank) 

19 

66 

100 

16-29 
*5-07 

":  Decrease  in  grammes  per  cubic  metre  of  upcast  air. 
These  measurements  were  taken  at  7  a.m.,  when  there  was  a  temperature 
above  bank  of  56*3  degs.  Fahr.  (13-5  degs.  C).  The  total  quantity  of  air  issuing 
from  the  shaft  was  123,600  cubic  feet  (3,500  cubic  metres)  per  minute,  and  from 
this  it  was  reckoned  that  the  quantity  of  water  deposited  in  24  hours  was  902  677 
cubic  feet  (25-56  cubic  metres),  a  calculation  confirmed  by  actual  measurement  of 
the  water  flowing  from  the  upcast  shaft.  As  the  flow  of  water  to  the  underground 
pumping-engines  amounts  to  about  10,594*8  cubic  feet  (300  cubic  metres)  per  24 
hours,  the  deposit  in  the  upcast  is  8-52  per  cent,  of  the  total  inflow.  This  quantity 
becomes  probably  much  greater  on  a  colder  day  when  the  upcast  air-currents  are 
still  more  extensively  cooled  down.  0.  S  E. 


UNDERGROUND  TEMPERATURE  AND  MINERAL  WATERS. 

Sur  la  temperature  des  roches  et  la  nature  des  eaux  des  mines  de  houille  profonde*. 
By  Joseph  Libert.  Annates  de  la  Societe  Geologique  de  Belgique,  1893, 
vol.  xx.,  pages  59-67. 

Observations  have  been  made  at  the  Produits  colliery,  Flenu,  Belgium.  Owing 
to  recent  deepening  of  the  shafts  these  observations  have  been  carried  on  to  a 
depth  of  3,772  feet. 

Taking  82  feet  as  the  depth  at  which  atmospheric  variations  of  temperature 
cease  to  have  any  influence,  it  is  calculated  that  the  rate  of  increase  of  tempera- 
ture given  by  the  experiments  is  1  deg.  Fahr.  for  53-97  feet  of  vertical  depth. 
This  agrees  closely  with  results  previously  obtained  by  Mr.  Cornet  in  the  same 
district,  which  gave  1  deg.  Fahr.  for  54  feet  (only,  however,  for  depths  up  to 
1,679  feet). 

Prof.  Prestwich's  mean  from  English  and  Belgian  mines  was  1  deg.  Fahr.  for 
49-5  feet. 

The  author  does  not,  however,  think  that  the  law  of  the  increase  of  temperature 
can  be  expressed  as  an  arithmetical  progression,  but  that  the  rate  of  increase  is 
greater  at  greater  depths.  Combining  the  results  obtained  here  with  those  from 
the  Grand-Buisson  colliery  in  the  same  coal-field,  the  author  concludes  that  the 
rate  of  increase  down  to  depths  of  2,263  feet  is  1  deg.  Fahr.  for  65  or  69  feet ; 
while  for  depths  from  2,263  down  to  3,772  feet  it  is  1  deg.  Fahr.  for  43  feet, 

VOL.  XLY.-1S95.96.  "" 
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The  spring  of  water  met  with  at  the  depth  of  3,772  feet  has  a  remarkable 
chemical  composition.  It  contains  about  4  ounces  of  solid  matter  per  gallon,  or 
more  than  eight  times  that  of  the  ordinary  waste-waters  from  the  collieries  of 
the  district.  Chlorides  (of  which  that  of  sodium  is  by  far  the  most  abundant) 
form  nearly  three-quarters  of  this  amount,  and  sulphate  of  magnesium  amounts 
to  nearly  one  quarter.  G.  W.  B. 

THE  TIN-MINING  DISTRICT  OF  ALTENBERG-GRAUPEN  (SAXONY). 

Der  Altenberg-Graupener  Zinnerzlagerstattendistrict.   By  Karl  Dalmer.    Zeitschrifi 
fur  praktische  Geologie,  1894,  pages  313-322,  with  figures  in  the,  text. 

In  the  district  north  of  Teplitz  the  Archaean  rocks  of  the  Erzgebirge  are  cut  by 
a  complex  of  eruptives  striking  north-west  and  south-east.  These  comprise  quartz- 
porphyries,  granite-porphyries,  and  albite-grauites,  which  welled  out  from  fissures 
coincident  with  great  fault  lines.  There  is  cumulative  evidence  to  show  that  the 
granite  is  the  youngest  member  of  the  eruptive  series,  and  it  is  certainly  of  post- 
Carboniferous  age. 

The  stanniferous  deposits  are  intimately  associated  with  the  granite,  being  found 
partly  in  that  rock,  and  partly  in  the  porphyries  around  it.  Their  mode  of  occur- 
rence in  "impregnation-fissures"  recalls  that  of  the  Cornish  tin-ores.  In  the 
granite  itself  they  are  usually  observed  near  the  contact  with  the  older  crystalline 
rocks  (gneiss,  etc.),  so  that  over  the  granite  bosses  an  external  ore-bearing  mantle, 
so  to  say,  is  spread ;  while  deeper  down,  the  granite  becomes  poor  in  ore  or 
altogether  barren.  This  is  well  shown,  both  in  the  Altenberg  stockwork  and  in 
the  Zinnwald  mines. 

The  Schellerhan  massif,  which  is  the  poorest  in  ore  of  any  granite-mass  in  the 
district,  is  probably  the  most  deeply  eroded  of  any,  and  it  seems  not  imlikely  that 
at  one  time  tin-ore  deposits  were  present  in  the  higher  portions  of  the  mass,  which 
have  since  been  crumbled  down  and  swept  away  by  the  agency  of  water.  It  was, 
however,  mentioned  above  that  the  stanniferous  lodes  are  by  no  means  confined  to 
the  granite  itself.  The  granite-bosses,  whatever  may  be  the  character  of  the 
neighbouring  rocks,  are  surrounded  by  broad  "zones  of  impregnation,"  and  these 
extra-granitic  zones  are  really  the  most  important  from  the  miner's  point  of  view. 
This  leads  up  to  the  hypothesis  that  the  tin-ore  deposits  were  formed  by  the  uprise 
of  metallic  vapours  from  the  granite-magma  during  the  process  of  its  gradual 
consolidation. 

The  lodes  in  the  district  have  a  very  variable  strike,  although  the  east-and-west 
direction  predominates,  and  they  generally  have  a  steep  dip.  Special  attention, 
however,  is  directed  to  the  Zinnwald  "seams,"  as  they  are  locally  termed:  these 
form  a  complex  mass  whose  shape  may  be  compared  with  that  of  a  series  of  flattish 
up-turned  dishes.  The  ' '  seams  "  consist  chiefly  of  quartz  and  lit hia-mica,  with  which, 
as  a  rule,  are  associated  tinstone,  wolfram,  and  fluoi'spar,  topaz  being  of  much 
rarer  occurrence.  The  granite  "country"  on  either  side  is  usually  altered  into 
greisen.  A  good  many  steeply-dipping  lodes,  striking  north-east  and  south-west, 
and  containing  the  same  minerals  also  occur  in  the  Zinnwald  area.  They  are 
evidently  of  contemporaneous  origin  with  the  "seams." 

The  question  of  the  dynamic  origin  of  the  fissures  is  dealt  with,  and  the  contact- 
metamorphism  of  the  rocks,  spreading  from  the  tin-bearing  lodes  outwards,  is  fully 
described.  As  in  so  many  other  tin-mining  districts,  it  will  be  noted  that  here  the 
ore  is  associated  with  minerals  containing  fluor.  Prof.  Daubrce  long  ago  suggested 
that  tinstone  was  formed  from  the  reactions  of  gaseous  fluor-compounds ;  and  now 
another  element  of  the  same  group,  which,  under  suitable  conditions,  forms  volatile 
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compounds  with  tin,  namely  chlorine,  is  shown  to  occur  in  the  micas  of  Zinnwald, 
Altenberg,  and  Graupen.  The  author  is  inclined  to  think  that,  however  little  of 
it  may  now  be  left  in  the  deposits,  chlorine  played  an  important  part  in  their 
formation. 

The  author  then  proceeds  to  consider  the  relations  between  the  tin  ores  and 
the  blende-bearing  lead  ores  of  the  district.  Some  of  the  stanniferous  lodes  which 
are  known  to  occur  here  and  the.-e  outside,  but  near  the  "impregnation-zones," 
contain  among  the  associated  minerals  galena,  arsenical  and  copper  pyrites,  and 
malachite.  The  tin-lodes  of  the  Graupen  zone  are  said  to  pass  gradually  south- 
eastward into  pyrites-veins.  Other  similar  associations  and  passages  from  one 
kind  of  lode  into  another  near  Sadisdorf,  Lerchenhubel,  etc.,  are  described  in  detail. 
The  conclusion  is  drawn  that  the  blende -bearing  lead  ores,  much  as  the  tin-lodes, 
are  in  causal  connexion  with  the  granite-outbursts,  but  that  the  conditions  which 
originated  the  plumbiferous  deposits  acted  at  a  greater  distance  from  the  deep 
seated  granite-magma  than  those  which  originated  the  stanniferous  deposits. 

0.  S.  E. 


TIN-ORE  IN  THE  MALAY  PENINSULA. 

Das  Zinnerz  and  seine  Gewinnung  aufder  licdbinsel  Malacca.     By  Carl  Cramer. 

Oesterreichische  Zeitschrift  fur  Berg-  unit  Hidtenwesen,  1894,  vol.  xlii.,  pages 

543-545,  and  Plate  XX. 

Up  to  the  present,  the  tin-ore  has  only  been  found  as  a  secondary  deposit  in 

recent  and  also  in  dried-up  river  valleys,  in   layers  of  pebble-gravel  which  are 

capped  by  bands  of  blue  or  red  clay,  loam,  and  sand,  more  rarely  by  pure  kaolin. 

The  thickness  of  the  ore-bearing  layer,  known  as  Jcarang,  varies  between  a  fraction 

of  an  inch  and  3£  feet.     That  of  the  overlying  beds  is  indefinite,  and  ma}-  reach  as 

much  as  33  feet,  although  the  average  thickness  is  6g  to  10  feet.     The  proportion 

of  tin-ore  in  the  lcarang  varies  up  to   15  per  cent.,   but  the  layer  is  at  times 

completely  barren  for  considerable  distances.     Under  ordinary  conditions  it  pays 

to  work  lcarang  with  as  little  as  0  5  per  cent,  of  good  ore,  because  the  cost  of 

mining  is  so  small.     The  workings  are  all  opencast,  no  expenditure  is  needed  for 

blasting-materials  and  timbering,  and  the  ore  can  be  got  out  cheaply. 

Stream  tin-ore  is  also  found  in  the  beds  of  the  larger  rivers,  and  can  be  proved 
along  the  whole  sea-coast  to  some  distance  out  at  sea.  A  French  company 
attempted  lately  to  dredge  the  ore  from  the  river-bed  of  the  Muar,  but  the  work 
was  abandoned  as  unprofitable. 

The  higher  one  goes  up  the  valleys,  the  purer  and  the  coarser-grained  is  the 
tin-ore  :  sometimes  masses  as  big  as  a  man's  head  occur.  The  highest-grade  ore 
contains  about  76  per  cent,  of  tin-oxide,  the  lowest-grade  ore  about  45  per  cent. 
The  chemical  impurities  consist  mainly  of  iron,  wolfram,  and  titanium.  Moreover, 
mechanically  associated  with  the  ore  are  titanite  and  magnetite,  wolframite  and 
arsenical  pyrites  ;  all  these  metalliferous  compounds  affect  injuriously  the  smelting 
of  the  ore,  making  the  metal  hard  and  brittle. 

The  stream-tin  is  washed  by  skilful  Chinese  labourers — scarcely  any  Malays 
being  employed  at  the  washings — in  simple  wooden  troughs.  The  erection  of  plant 
in  the  European  style  would  not  be  advisable,  because  the  small  valleys  soon  get 
worked  out,  and  the  necessity  of  repeatedly  taking  up  plant  and  putting  it  down 
again  would  make  the  expenditure  too  burdensome.  The  production  as  a  rule  is 
77 '15  lbs.  of  tin-ore  per  head  per  month.  The  Chinese  at  one  time  smelted  the  ore 
themselves,  but  they  now  sell  it  according  to  sample,  taking  as  a  standard  70  per 
cent,  of  metallic  tin.  0.  S.  E. 
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VULCAN  TIN-MINE,  IRVINEBANK,  QUEENSLAND. 
Anon.     Australian  Mining  Standard,  1895,  vol.  xi.,page  524. 

The  Vulcan  tin-mine  is  the  most  productive  in  the  north.  Since  operations  were 
started  in  1S90,  no  less  than  15,020  tons  of  stone  have  been  crushed,  which  yielded 
2,357  tons  of  black  tin  (i.e.,  tin  ore  roasted  and  treated  so  as  to  separate  foreign 
bodies),  worth  £65,784.  During  the  last  half-year  2,272  tons  of  ore  were  crushed, 
giving  397  tons  of  black  tin. 

The  tin  deposit  is  bunchy,  and  rich  strikes  are  frequently  made.  At  the  100 
feet  level  a  bunch  was  taken  out  which  measured  70  feet  long,  25  feet  wide,  and 
12  feet  deep  ;  this  being  the  largest  met  with  so  far.  It  averaged  all  through  17*5 
per  cent,  of  black  tin.     A  second  btmch  of  similar  size  is  now  being  mined. 

J.  W. 

TUNGSTEN. 

The  Increasing  Demand  for  Tungsten  Ores.     Anon*.     Engineering  and 
Mining  Journal  (Xew  York),  1892,  vol.  liii.,  page  395. 

The  use  of  tungsten  in  the  manufacture  of  tungsten  steel  has  created  a  very 
considerable  demand  for  wolfram,  the  principal  ore  of  that  metal,  and  the  supply 
being  limited,  its  market  price  has  risen  to  a  higher  figure  than  has  been  obtained 
for  many  years.  It  would  appear  from  recent  experiments  that  the  advantages  of 
tungsten  steel  will  prove  so  important  that  this  alloy  will  come  into  quite  general 
use,  perhaps  taking  the  place  of  nickel  steel.  In  view  of  the  high  value  of 
tungsten  at  the  present  time  it  is  worth  the  while  of  prospectors  to  look  for  its 
ores.  J.  W. 


FENCES  OR  GATES  FOR  ENTRANCES  TO  SHAFTS. 
Note  sur  Its  Appareils  de  fermeture  de  Recettts  employes  dans  les  Mines  du  Pas-de- 
Calais.     By  Messrs.  Feyre  &  Weiss.     Annales  des  Mines,  1895,  series  9, 
vol.  vii.,  pages  515-527,  and  3  plates. 

The  Ministerial  Circular  of  May  2nd,  1892,  required  all  colliery  owners  to 
furnish,  within  two  years,  all  entrances  to  shafts  with  movable  barriers  capable 
of  preventing  the  fall  of  men  and  materials,  and  so  constructed  that  the  closing  of 
the  barrier  was  assured  except  when  the  cage  was  at  the  entrance. 

The  authors  describe  the  methods  adopted  at  several  collieries  in  order  to 
comply  with  the  Ministerial  Circular,  but  it  is  not  practicable  to  give  an  intelli- 
gible account  of  them  without  drawings.  W.  N.  A. 


ALKALINE  WATERS  FROM  COAL-MINES. 

Sels  alcalins  dans  les  eaux  de  charbonnages.     By  L.  L.  De  Koxinck.     Annales  de 

la  Socie'te  Geologique  de  Belgique,  1892,  vol.  xx.,  pages  69-74. 

The  author  draws  attention  to  the  fact  that  the  waters  from  many  collieries  of 
Belgium  and  Westphalia  contain  a  considerable  quantity  of  bi-carbonate  of  sodium. 
The  existence  of  alkaline  waters  in  Palaeozoic  rocks  is  intimately  connected  with 
that  of  coal,  although  the  waters  from  seme  mines  are  not  alkaline.  Various  theories 
have  been  brought  forward  to  account  for  the  association,  but  after  examination 
the  author  dismisses  them  all  as  insufficient.  No  explanation,  however,  is  brought 
forward  to  rejdace  them.  Gr.  W.  B. 
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THE  PELZER  AIR-BRATTICE. 


Fr.  Peher's  Wetterscheider.     Berg-  unci  Huttenmannische  Zekung,  1895, 
vol.  lie,  page  201. 

Mr.  Pelzer  proposes  in  lieu  of  small  ventilating-shafts  to  construct  larger  ones, 
and  employ  a  portion  of  same  for  the  air-supply,  the  remainder  being  used  for 
transport  and  other  purposes.  Such  a  shaft  of  200  to  300  square  feet  in  cross- 
section  will  leave  sufficient  room  for  ventilating  purposes,  after  providing  for  a 
ladder-way  and  pumping-pit.  The  objection  raised  against  this  plan,  on  account 
of  the  risk  of  destruction  run  by  the  brattice  in  case  of  an  explosion  near  the  shaft, 
is  not  considered  an  important  one,  as  the  repairs  would  be  easily  effected. 
Finally,  the  leakage  to  which  brattices  are  liable,  especially  at  the  junction  with 
the  wall  of  the  shaft,  is  prevented  by  the  Pelzer  method  of  construction. 

The  boards,  tor  a  timbered  shaft,  consist  of  a  double  set  of  planks,  of  which  both 
the  horizontal  and  vertical  joints  are  alternated.  Between  them  is  placed  a  stout 
cloth  of  hemp,  jute,  cotton,  etc.,  dressed  with  a  stiff  composition,  preferably  made 
of  dry  powdered  alumina  and  a  wood-preserving  liquid  such  as  oil,  tar,  glycerine, 
etc.  The  edges  of  the  cloth  are  left  projecting  some  27  to  30  inches  at  the  sides  of 
the  partition  and  are  laid  against  the  wall  timbers,  doubled  over  at  the  end,  and 
fastened  by  screws  and  fillets  on  to  angle -iron  brackets  screwed  to  the  cross- 
timbers.  The  wall  planks  are  filled  where  the  cloth  comes  in  contact  with  them 
by  lime  or  cement.  C.  S. 


THE  MORTIER  DIAMETRICAL  VENTILATOR. 

Ventilateur  diamStrcU  Mortier.     By  —  Moktier.     Gomptes-Rendus  Mensuels  da 

Reunions  de  la  Socie'te  de  V Industrie  Minerah,  1892,  jmges  134-137- 

The  Mortier  diametrical  ventilator  consists  of  a  wheel  of  curved  vanes  placed 
on  a  central  disc.  The  diameter  of  the  spaces  between  the  vanes  is  equal  to  0-7  of 
the  total  diameter.  The  width  of  the  vanes  parallel  to  the  axis  is  about  two- 
thirds  of  the  diameter.  The  blades,  of  arc-shape,  are  placed  backwards  at  an 
angle  of  about  40  degs.  to  the  tangent  of  the  circumference.  The  fan  turns  in 
a  circular  box,  whose  side-plates  are  traversed  by  the  axis  of  the  fan,  and 
whose  cylindrical  surface  is  provided  with  two  rectangular  orifices :  one,  the 
largest,  is  the  inlet,  and  the  smaller  is  the  outlet  for  the  air.  The  centres  of 
the  two  orifices  are  placed  at  the  extremities  of  the  same  diameter,  but  the 
outlet-orifice  is  prolonged  by  an  expanding  chimney,  in  order  to  utilize  the  vis  viva 
of  the  ah.  Experiments  have  shown  that  this  ventilator  gives  its  maximum 
efficiency  when  the  air  enters  between  the  blades  at  a  velocity  equal  to  0-66  of 
the  circumferential  velocity.  It  is  stated  that  the  initial  manometric  efficiency 
is  0-775. 

In  order  that  the  entry  of  air  may  be  effected  without  shock,  it  should  be 
guided  towards  the  circumference  of  the  air  at  a  forward  angle  of  about  20  degs. , 
and  under  these  conditions  the  relative  velocity  of  entry  between  the  blades  is 
almost  equal  to  that  of  the  circumferential  velocity  ;  and  after  entry  between  the 
blades  the  air  passes  into  the  central  part  of  the  fan  and  passes  again  towards  the 
blades,  but  from  the  inner  side. 

In  order  that  the  air  may  traverse  the  centre  of  the  fan,  it  must  be  separated 
from  the  inert  portion  of  the  blades  by  means  of  two  oval  shutters,  which  are 
placed  at  one  side  of  the  axis  and  on  opposite  sides  of  the  central  disc  of  the  fan. 
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These  external  shutters  prevent  the  re-entrance  of  air  and  maintain  the  initial 
depression  or  water-gauge  produced  by  the  fan  due  to  the  tangential  velocity.  In 
the  absence  of  the  oval  shutters  the  fan  does  not  work  so  efficiently,  but  it  can 
then  be  run  in  either  direction — as  a  blowing  or  exhausting  fan. 

A  Mortier  diametrical  fan  has  been  erected  at  the  Perronniere  colliery.  It  is 
driven  by  a  steam  engine  with  Rieder  valve-gear,  and  the  cylinders  are  19*7  inches 
in  diameter,  with  13*8  inches  stroke.  The  fan  is  55-l  inches  in  diameter,  and  the 
following  are  the  results  of  experiments,  reduced  to  a  velocity  of  360  revolutions 
of  the  ventilator  per  minute,  and  a  theoretical  water-gauge  of  3*096  inches  : — 


No.  of  Experiment. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

Volume    of     air,    cubic 

feet  per  minute 

36,360 

44,520 

48,760 

52,470 

57,9S0 

64,450  '  72,940 

\\  ater-gauge,  inches   ... 

2-573 

2-898 

2-992 

2-819 

2-210 

2-053 

1-949 

Horse -power  in  the  air 

14-81 

20-81 

21-70 

23-41 

20-26 

20-94 

22-44 

Indicated     horse-power 

of  engine 

37-87 

42-87 

45-37 

52-04 

53-48 

67-48 

68-26 

Mechanical  efficiency  ...   39*1      148-5 

50-6 

45-0 

377 

31  0 

32-9 

M.  \V.  B. 


THE  CAPELL  VENTILATING  FAN  AT  THE  HOLLAND  PIT, 
WESTPHALIA. 

Untersuchung  tines  grossen  Capell-Gruben-Ventilators  auf  Zeche  Holland,  bei 
Wattenscheid  in  Westphalen.  Glilckauf,  1894,  vol.  xxx.,  pages  834-837,  and 
4  figures. 

A  Capell  ventilator  was  erected  in  1892  at  the  Holland  pit.  The  fan  has  a 
diameter  of  12-8  feet  (3-8  metres),  and  a  breadth  of  5-9  feet  (1*8  metres),  and  the 
ventilator  has  orifices  at  each  side,  each  of  a  diameter  of  6-2  feet  (l-9  metres). 
The  central  disc  consists  of  a  thick  iron-plate,  and  on  either  side  are  riveted  6 
inner  and  6  outer  vanes,  set  opposite  to  one  another  in  the  manner  peculiar  to  the 
build  of  the  apparatus. 

The  spiral  casing  which  surrounds  the  fan-wheel  is  built  up  of  masonry  and 
roofed  with  steel-plates,  while  the  expanding  chimney  or  outlet  is  made  of  steel- 
plate.  The  bearings  of  the  fan-shaft  are  lubricated  with  tallow.  By  means  of 
small  water-taps  arranged  just  above,  a  feeble  streamlet  of  water  trickles  on  to  the 
grease,  and  thus  a  very  reliable  and  economical  method  of  lubrication  is  contrived. 

The  ventilator  is  driven  by  8  hempen  ropes,  each  If  inches  (45  millimetres)  in 
diameter,  running  on  a  rope-drum  3-6  feet  (1*1  metres)  in  diameter.  The  &y- wheel 
of  the  driving-engine  is  18-0  feet  (5-5  metres)  in  diameter.  The  engine  has 
2  cylinders,  each  20 -5  inches  (0-52  metre)  in  diameter,  and  31^  inches  (0-8  metre) 
stroke,  fitted  with  Rider  piston-valves. 

The  following  experiments  upon  the  ventilator  were  made  on  April  11th,  1894, 
by  Prof.  G.  Herbst. 

Five  anemometers  were  used  at  once,  placed  on  a  horizontal  bar  at  distances 
about  2  feet  (0-6  metre)  apart,  with  the  two  outermost  instruments  about  10 
inches  (0-25  metre)  from  the  side  walls.  The  bar  was  fixed  consecutively  at 
three  different  heights,  and  thus  15  measurements  were  obtained  in  each  series 
of  experiments.  The  results  of  the  calculations  and  experimental  data  are 
tabulated  below  : — 
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Experiment  No. 

L 

II. 

III. 

IV. 

1 .  Re  volutions  of  the  engine , 

per  minute 

36 

53 

56-5 

60 

2.  Revolutions   of    the   fan, 

per  minute 

ISO 

259 

375  0 

282 

3.  Gearing     ...         ...         1  : 

5 

4-S87 

4-867 

4-70 

4.  Water-gauge,  millimetres 

80 

174 

193 

222 

5.   Water-gauge,  inches 

3-150 

6-850 

7-598 

8-740 

6.  Volume  of  air  per  minute, 

cubic  metres 

2,498-0 

3,922-8 

4,294-4 

4,600  0 

7.  Volume  of  air  per  minute, 

cubic  feet 

88,220 

138,547 

151,650 

162,450 

8.   Weight  of  1  cubic  metre 

of  the  air,  kilogrammes 

1-1995 

1-1884 

1-1862 

9.    Weight  of  1  cubic  foot  of 

the  air,  pounds... 

0  0749 

0  0742 

0  0740 

10.   Mean     steam     pressure, 

kilogrammes  per  square 

metre 

1-2467 

2-9875 

3-1188 

11.  Mean     steam     pressure, 

pounds  per  scpaare  inch 

17-73 

42-49 

44-36 

12.  Indicated  horse-power  ... 

66-45 

234-42 

260-89 

13.  Work   in  the  air,  horse- 

power 

44-28 

150-76 

182  94 

14.  Work    in    the    incoming 

air,  horse-power 

1-18 

4-53 

5-94 

15.  Total     efficiency    of    the 

ventilator,    horse -power 

4310 

146-23 

177-00 

16.  Useful  effect  of  the  fan, 

percent 

64-9 

62-4 

67'8 

M.  W.  B.  and  O.  S.  E. 


THE  SCHNEIDEMUHL  SPRINGS,  GERMANY. 
Der  gefdhrliche  Brunnen  %u  Schneidemiihl   in    Westpremsen.      By   H.    Becker. 

Oesterreichiache  Zeitschrift  fur  Btrcj-  und  Hiittemctsen,  1893,  vol.  xl'u,  jmrje  432. 
For  some  time  past  the  town  of  Schneidemiihl  in  West  Prussia  has  been  exposed 
to  serious  danger  from  a  spring  of  water  which  has  overflowed  and  threatens  to 
undermine  the  town.  Schneidemiihl  lies  on  the  edge  of  the  great  geological  fault 
forming  the  valleys  of  the  Warta  and  the  Netze,  stretching  from  Kiistrin  on  the 
Oder  to  Bromberg  on  the  Vistula  for  a  distance  of  60  to  90  miles,  with  a  breadth  of 
3  to  6  miles.  The  level  of  this  district  is  low,  and  it  is  broken  only  by  the  ridge 
of  the  Stargard  watershed,  a  slight  elevation  running  parallel  to  the  Warta-Netze 
fault,  which  parts  the  waters  falling  into  the  Baltic  from  those  running  into  the 
river  Netze,  a  tributary  of  the  Warta  and  Oder  rivers.  The  watershed  is  dotted 
over  with  numerous  small  lakes  discharging  through  these  streams.  A  small  river 
called  the  Kiiddow  takes  its  rise  in  the  lakes  and  runs  south  into  the  Netze 
river,  and  the  town  of  Schneidemiihl  stands  at  the  junction  of  the  two  streams. 
The  land  was  formerly  under  the  sea,  which  deposited  the  sand  and  clay  form- 
ing the  present  soil.  The  Stargard  ridge  alone  is  of  Chalk,  and  rests  on  a  volcanic 
foundation. 

It  was  here  in  1892,  that  the  municipality  of  Schneidemiihl  determined  to  sink  an 

artesian  well.     A  pipe  8  inches  in  diameter  was  driven  down,  first  through  a  stratum 
29-5  feet  thick  of  sand  and   gravel,  then   through    164   feet   of   soft  clay,  lastly 

through  42-6  feet  of  fine  sand.     At  a  depth  of  236  feet,  muddy  water  mixed  with 
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clay  and  sand  sprang  to  the  surface.  The  opening  being  closed,  the  water  found 
its  way  out  at  the  sides,  and  then  burst  through  the  pipe  to  a  height  of  about  20  to 
30  feet.  All  the  neighbouring  streets  were  flooded,  the  houses  undermined,  and 
the  pavements  lifted  by  the  force  of  the  water.  Fissures  appeared,  from  20  to  30 
houses  fell  in,  and  many  others  were  threatened. 

To  avert  the  danger,  the  town  authorities  determined  to  smk  a  shaft  about  10 
feet  in  diameter  round  the  pipe,  carry  it  29  feet  down  to  the  bed  of  clay,  and  thus 
stem  the  torrent.  It  was  assumed  that  the  water  formed  the  subterranean  outflow 
of  one  of  the  lakes  in  which  the  river  Kuddow  takes  its  rise.  But  the  pressure  of 
the  superimposed  shaft  was  not  strong  enough  to  counteract  the  force  of  the  spring. 
In  24  hours  105,930  cubic  feet  of  water  were  thrown  up,  with  7,062  cubic  feet  of 
heavy  clay  and  sand ;  and  as  it  had  taken  a  week  to  sink  the  shaft  to  a  depth  of 
about  5  feet  the  attempt  was  necessarily  abandoned. 

Mr.  Beyer,  a  mining  engineer  from  Berlin,  next  suggested  that  a  second  pipe 
should  be  introduced  into  the  mouth  of  the  first,  and  carried  up  above  the  ground  to 
a  height  sufficient  to  overcome  the  pi'essure  of  the  water.  He  considered  that  the 
spring  was  an  artesian  well  so-called,  that  is  a  subterranean  watercourse,  and  that 
the  pressure  necessary  to  bring  the  water  to  the  surface  acted  somewhat  after  the 
manner  of  a  lever.  The  lake  with  which  the  spring  was  connected  lay  at  the  end  of 
the  upper  and  higher  arm  of  the  lever ;  the  spring  at  the  extremity  of  the  shorter 
and  lower  arm.  According  to  this  theory,  the  spring  having  once  been  tapped, 
the  water  in  the  pipe  would  rise  till  it  reached  the  level  of  the  lake,  and  if  it  were 
possible  to  elevate  the  pipe  to  such  a  height  as  to  bring  it  on  a  level  with  the  lake, 
the  flow  would  be  checked.  It  was  accordingly  raised  65 '6  feet  above  the  ground, 
and  for  a  time  the  rush  of  water  was  successfully  combated.  In  spite,  however,  of 
this  systematic  damming  the  water  broke  out  again  in  less  than  a  month  at  the 
side  of  the  pipe,  and  began  to  undermine  the  neighbouring  houses.  Everything 
seemed  to  point  to  a  second  flood,  as  disastrous  as  the  first,  and  it  became  evident 
that  the  only  way  to  put  an  end  to  the  mischief  was  to  discover  the  cause  and 
apply  a  radical  remedy. 

The  author  is  of  opiuion  that  this  has  not  yet  been  done,  nor  the  origin  of  the 
eruption  of  water  explained.  The  lake  is  60  miles  away,  and  cannot  affect  the 
spring  to  the  extent  supposed.  Having  regard  also  to  the  material  brought  up, 
which  is  entirely  sand,  he  has  come  to  the  conclusion  that  it  must  be  connected  with 
the  ancient  ocean  bed,  lying  more  than  3,000  feet  below  the  level  of  the  lowlands 
of  West  Prussia.  The  whole  of  the  geological  formation,  from  the  Pomeranian 
coast  to  the  valley  of  the  Netze,  consists  of  sand,  clay,  and  water-worn  pebbles 
covering  this  old  sea  bed.  In  so  vast  a  region  a  small  lake  would  be  lost.  The 
only  way  of  solving  the  problem  of  the  overflow  of  the  Schneidemuhl  spring  is  to 
compare  its  action  with  that  of  other  springs  in  different  parts  of  Germany.  In 
the  district  round  Frankfort  borings  for  water  have  in  three  separate  places  reached 
the  beds  of  the  old  Rhine  and  Main  lakes.  From  the  character  of  the  strata 
pierced,  which  is  similar  to  that  in  the  valley  of  the  Netze,  he  infers  that  the  spring 
at  Schneidemuhl  is  not  an  outlet  from  any  subteraunean  stream  or  lake.  The 
water  comes  from  the  ocean-bed  itself,  and  the  high  pressure  at  which  it  rises  to 
the  surface  is  due  to  the  presence  in  it  of  large  volumes  of  gases.  A  spring  at 
Nauheim,  in  the  Rhine  district,  when  chemically  analysed,  was  found  to  consist  of 
2  volumes  of  carbonic  acid  gas  and  1  volume  of  water,  compressed  to  one-third  its 
original  volume,  and  hence  the  water,  when  liberated,  .burst  forth  with  great 
velocity,  rising  to  a  height  of  90  feet. 

The  author  considers  that  the  only  way  of  stemming  the  torrent  of  the 
Schneidemuhl  spring  effectually  is  to  make  other  boreholes  in  the  vicinity,  and 
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thus  to  relieve  the  pressure  of  the  gases.  To  dam  up  the  flow,  as  has  been  already 
attempted,  can  only  cause  explosive  outbursts  elsewhere.  If  the  other  boreholes 
are  carefully  sunk  within  a  given  radius,  the  gases  will  be  set  free  as  soon  as  the 
clay  strata  is  penetrated,  and  the  volume  of  water  in  the  main  spring  reduced 
within  proper  limits.  As  soon  as  the  pressure  of  the  gases  is  relieved,  the  ground 
will  settle  and  all  danger  of  falling-in  be  averted.  It  is  not  because  great  masses 
of  sand  are  brought  up  that  the  houses  totter  and  fall,  but  because  the  ground 
itself,  the  bed  of  sand  on  which  the  houses  rest,  is  undermined.  A  thickness  of 
29  feet  of  sand  is  not  sufficiently  stable  to  make  a  firm  foimdation.  The  danger  to 
Schneidemuhl  is  caused  by  the  water  rising  up  through  and  flowing  over  the  clay, 
and  the  town  will  not  be  safe  until,  by  sinking  other  wells  to  act  as  safety-valves, 
and  carry  off  the  gases,  the  spring  has  again  been  reduced  to  its  old  level. 

B.  D. 

WOLFRAM  IX  THE  SIERRA  DE  CoRDOBA,  ARGENTINE  REPUBLIC. 

Die  Wolfram-Mima  d-  r  Sierra  von  Cordoba  in  der  Argentinischen  Republik.     By 

Pbof.  Bodexbexder.     Zeitschriftfur  praktische  Geologic,  1894,  pages ;  409-414. 

Wolfram,  in  the  Argentine  Republic,  was  first  discovered  by  Mr.  Ave-Lalle- 
mand  in  the  Sierra  de  San  Luis,  then  Dr.  Brackebusch  found  the  mineral  in  the 
Sierra  tie  Cordoba,  and  in  1891  the  present  author  analysed  specimens  from  another 
locality  in  the  southern  portion  of  that  sierra,  showing  an  average  of  74 "86  per 
cent,  of  tungstic  oxide. 

The  mines  lie  near  the  crest  of  the  sierra,  some  20  miles  west  of  Sauce,  in 
the  department  of  Calamuchita,  at  a  height  of  about  5,900  feet  above  sea-level. 
They  are  worked  by  a  German  firm  of  Rosario  de  Santa  Fe.  The  system  of 
Archaean  i*ocks,  to  which  nearly  the  whole  Sierra  de  Cordoba  belongs,  consists 
chiefly  in  this  eastern  portion  of  grey  fibrous  gneiss,  succeeded  westward  by  horn- 
blende-schists alternating  with  mica-schists  and  gneisses,  while  the  crest  of  the 
sierra  is  made  up  of  a  granite  which  varies  from  fine  to  coarse-grained  and 
porphyritic.  Pegmatite  and  quartz-veins,  the  latter  forming  now  ribs  now 
hillocks,  continually  crop  out  on  the  climb  from  Sauce  to  the  mines. 

Of  the  four  mines  which  the  author  describes,  the  most  important  is  the  San 
Virgilio,  where  the  wolfram  was  first  foimd.  The  hanging  wall  here  is  Archaean 
gneiss,  separated  from  a  thick  quartz-vein  by  a  salband  of  mica.  There  is  no 
salband  at  the  footwall,  which  is  also  gneiss,  but  includes  several  varieties  of  the 
rock,  and  shows  much  streakiuess  (brecciation).  The  vein-stuff  is,  of  course, 
mainly  quartz,  with  'which  are  associated  nests  of  wolfram,  some  of  these  averaging 
18  cubic  feet  in  capacity.  It  may  be  remarked  that  the  wolfram  here  also  occurs 
in  direct  association  with  the  gneiss,  wdth  apatite,  mica,  copper  sulphides  and 
oxides,  and  molybdenite. 

At  the  Fischer  mine,  in  the  fork  between  the  arroyos  Aspero  and  Rodeo  de  los 
Caballos,  several  parallel  quartz-veins  from  3  feet  down  to  a  few  inches  thick, 
range  with  the  same  strike  and  dip  as  the  hornblende-schists  and  gneiss.  The 
wolfram-bearing  lode  is  3^  to  64  feet  thick,  is  very  porous  at  the  hanging  wall, 
and  has  inclusions  of  brown  and  ochreous-red  haematite.  Copper  and  iron 
pyrites  also  occur.  The  lode  dips  very  slightly  in  comparison  with  the  outcrops  of 
the  neighbouring  rocks,  and  some  of  the  hornblende-schists  and  gneisses  dip  west- 
ward instead  of  (as  usual)  eastward.  This  disturbance  is  attributable  to  an 
outburst  of  granite  south  of  the  mine,  which  sends  out  apophyses  into  the  schists 
and  has  also  something  to  do  with  the  quartzite-boss  of  Cerrito  Blanco,  197  feet  in 
diameter  ;  this  latter  is  probably  a  local  swelling  of  the  quartz-veins. 
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Quite  a  different  type  of  lode  is  found  at  the  Santo  Tomas  mine,  some  5  miles 
west  of  the  San  Yirgilio,  and  close  to  the  crest  of  the  sierra.  Here  quartz-veins 
of  very  variable  thickness  (maximum  19  or  20  inches)  strike  north-north-west  and 
south-south-east  through  red  and  white  felspar-granites,  from  which  they  are 
generally  marked  off  by  a  salband  of  mica.  A  trial-digging,  5  feet  or  so  deep, 
showed  that  comparatively  little  wolfram  is  present,  and  it  is  probable  that  the 
mine  will  be  abandoned.  The  great  inflow  of  water,  on  this  plateau-like  boggy 
ridge,  will,  in  any  case,  constitute  a  serious  obstacle  to  mining  operations. 

At  the  Santa  Barbara  mine  may  be  seen  the  intermediate  type,  between  the 
streaky  (brecciated)  veins  of  the  Archaean  system  and  the  veins  in  the  granite. 
Work  at  this  mine  is  now  suspended. 

The  author  concludes  that  the  outburst  of  granite  in  this  area  was  preceded, 
in  post- Archaean  and  pre-Rhaetic  times,  by  the  formation  o"  a  great  system  in 
fissures,  dislocating  the  rocks,  causing  upheaval  in  one  place  and  subsidence  of 
another.  Into  the  interstices  thus  created  poured  the  molten  minerals  which  gave 
rise  to  the  wolfram-quartz  lodes  of  the  streaky  (brecciated)  type  ;  these  belong, 
therefore,  to  the  group  of  dislocation-lodes.  The  veins  within  the  granite  itself 
are  the  result  of  aqueous  solutions  filling  up  the  fissures  which  were  brought  about 
by  contraction  of  the  rock  on  cooling. 

Except  at  San  Virgilio,  where  a  shaft  82  feet  deep  has  been  sunk  through 
the  hanging  wall,  and  a  heading  130  feet  or  so  long  has  been  driven  to  the 
footwall,  the  workings  at  the  mines  consist  of  mere  trial-trenches,  at  most 
7  feet  deep.  Any  methods  other  than  the  most  primitive  will  probably  not  obtain 
for  some  time  to  come  in  this  area.  Capital  and  technical  skill  are  wanting,  and 
the  difficulties  of  transport  are  considerable.  From  a  height  of  6,000  or  7,000  feet 
the  ores  are  carried  down  on  muleback  by  all  but  impassable  paths  in  one  day  to 
Sauce,  thence  36  hours  by  waggon  takes  them  to  the  railway-station  at  Rio  Cuarto. 
Moreover,  the  dearth  of  fuel  is  serious,  the  only  wood  in  the  district  coming  from 
sparse  growths  of  tabaquillo  (Pohjlepis  racemosa).  O.  S.  E. 


PURIFICATION  OF  BOILER  FEED- WATERS. 

By  Dr.  Francis  Wyatt.     Engineering  and  Mining  Journal  [New  York],  1895, 

vol.  Ix. ,  page  220. 

After  describing  the  use  of  burnt  lime  for  removing  temporary  hardness  (due  to 
bicarbonates  of  lime  and  magnesia),  also  the  use  of  sodium  carbonate  or  hydrate,  for 
removal  of  permanent  hardness,  Dr.  Wyatt  describes  the  use  of  newer  chemicals, 
notably  bichromate  of  soda.  When  it  is  necessary  to  treat  the  water  within  the 
boilers  themselves,  the  use  of  caustic  alkalies  is  not  advised.  These  may  then  be 
replaced  with  advantage  by  sodic  tannate,  sodic  triphosphate,  or  sodic  bichromate, 
all  of  which  have  a  specific  chemical  action.  Sodic  tannate  forms  soluble  calcic  or 
magnesic  tannates,  and  soluble  sulphates  or  chlorides  of  sodium. 

Tri-sodic  phosphate  gives  soluble  sulphates,  and  fine  and  granular  precipitates 
of  calcic  and  magnesic  phosphates,  which  do  not  adhere  to  the  boiler-plates,  and 
are  readily  and  easily  blown  off.  Sodic  bichromate  produces  equally  fine  and 
granular  precipitates  of  calcic  and  magnesic  chromates,  as  well  as  soluble  sulphates, 
the  following  being  the  equations : — 

(1)  CaH2(C03)2  +  Na2Cr207  =  CaCr04  +  Na2Cr04  +  2C02  +  H20. 

(2)  CaS04        '  +  Na2Cr',07  =  CaCr04  +  Na2S04    +  CrOs. 

(3)  MgS04         +  Na~Cr207  =  MgCr04  +  Na2S04    +  CrO  . 
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This  use  of  bichromate  of  soda  in  very  slight  excess  is  new  to  most  steam 
raisers.  It  was  long  supposed  that  the  calcic  or  magnesic  chromates,  formed  as 
above,  would  be  again  decomposed  into  sulphate  or  carbonate  by  the  alkaline  soda 
salts  in  solution,  this  idea  being  based  upon  what  takes  place  in  boiling  solutions  in 
open  vessels.  At  high  pressures,  however,  experiments  have  demonstrated  that 
the  action  is  reversed,  and  that  the  earthy  chromates  are  undoubtedly  all  deposited 
and  very  readily  removed  by  blowing  off.  The  use  of  bichromates  in  the  propor- 
tion of  2  J  ounces  for  every  part  per  100,000  of  permanent  hardness  in  1,000  gallons 
of  water,  has  the  additional  advantage,  over  all  other  scale-preventers,  of  furnish- 
ing perfectly  neutral  steam,  and  chemically  pure  distilled  water.  J.  W. 


PELTON  WATER-WHEEL. 

Report  of  the  Committee  on  Science  and  the  Arts.     Journal  of  the  Franklin  Institute, 
Philadelphia,  1895,  vol.  cxl.,  pages  161-197.      With  27  illustrations. 

Their  report  may  be  summed  up  in  the  conclusion  reached,  that  the  Pelton 
water-wheel  possesses  all  the  advantages  of  simplicity  of  construction,  economy  of 
installation  and  maintenance,  adaptability  to  extreme  heads  of  water,  of  trans- 
portability, of  close  and  sensitive  automatic  regulation,  and  of  high  speeds,  which 
belong  to  other  water-wheels  of  its  class  which  have  preceded  it ;  but  that  in  point 
of  efficiency  it  has  excelled  all  others.  J.  W. 


PACKING  OF  COAL-SEAMS  IN  BOHEMIA. 
Der  Versalzabbau  des  Gaskohlenflbtzes  zu  Unter-Beichenau  (Nordivest  Bbhmen).     By 
Axto.v    Frieser.     Oesterreichische   Zeitschrift  filr  Berg-  und   Hiittenivesen, 
1895,  vol.  xliii.,  j>ages  253-255,  and  figure. 

The  gas  coal-seam  which  forms  part  of  the  Falkenau  brown-coal-field  yields 
a  renowned  gas  coal,  and  the  system  of  packing  the  excavations  has  been  in 
operation  for  almost  forty  years. 

The  coal-seam  occurs  at  a  depth  of  from  60  to  200  feet  below  the  surface  in 
two  layers  of  some  8  feet  in  thickness,  divided  by  a  band  of  clay,  or  in  some 
places  of  coarse  coal,  the  lower  coal  being  broken  by  numerous  fissures  and  very 
gassy,  while  the  top  coal  is  columnar  in  structure  and  of  smaller  fracture  though 
brighter  appearance  than  the  bottom  coal. 

The  lower  seam  is  worked  first,  but  the  methods  of  mining  and  packing  are 
the  .same  in  both  cases.  The  pillars,  40  feet  square,  are  crossed  by  a  gallerv, 
reducing  their  width  to  16  feet,  and  the  remainder  is  worked  in  five  cross-lifts  each 
8  feet  wide.  The  space  thus  cleared  is  then  tightly  filled  with  stone,  and  the  opera- 
tion continued  with  other  portions  of  the  pillar  till  the  whole  has  been  wrought 
and  packed,  the  gallery  and  cross-galleries  being  likewise  filled  up.  The  work- 
ings are  timbered,  the  roof  bemg  supported  by  piles  and  props,  and  almost  all 
the  timber  has  to  be  abandoned. 

The  packing  stone  is  obtained  by  sinking  shafts  from  the  surface,  and  these 
are  continued  down  into  part  of  the  workings  to  facilitate  delivery  of  the  supply. 

Above  the  gas-coal,  a  seam  of  brown  coal  up  to  105  feet  in  thickness  is  found, 
especially  in  the  north-western  portion  of  the  coal-field.  In  the  Reichenau  district, 
this  brown  coal  is  only  covered  by  a  slight  layer  of  gravel,  and  is  very  wet  from 
the  immediate  proximity  of  the  river  Eger,  so  where  this  seam  overlies  the 
gas-coal  the  goaf  has  to  be  puddled  with  a  mixture  of  sand,  ballast,  and  ashes 
to  prevent  the  breaking-down  of  the  roof  and  the  admission  of  water. 
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As  the  workings  are  completely  packed,  there  is  practically  no  coal  lost,  and 
pit-tires  never  occur.  Although  expensive  the  process  is  economical,  since  all 
the  valuable  gas-coal  is  wrought  and  the  water  kept  out  of  the  workings  ;  moreover 
subsidences  of  the  upper  surface  are  minimized,  varying  between  2  and  3  feet 
according  to  the  depth  of  seam,  and  where  puddled  packing  is  used  these  figures 
are  greatly  reduced.  The  pressure  of  the  roof  compresses  one  volume  of  ordinary 
stone-and-sand  packing  down  to  0-6,  clay  down  to  0  5,  and  puddled  sand  and 
ashes  only  to  O'S  or  0  9.  C.  S. 


ZINC-BLENDE  MINING  NEAR  WEBB  CITY,  MISSOURI,  U.S.A. 

By  Carl  Heixrich.     Engineering  amd  Mining  Journal  (New  York),  1892, 
rol.  I  in.,  pages  594-595,  with  5  figures. 

The  author's  object  in  this  paper  is  to  point  out  the  wastefulness  of  the  present 
method  of  mining  the  zinc-blende  deposits  near  Joplin  and  "Webb  City  in  south- 
western Missouri,  and  to  suggest  a  more  correct  and  ultimately  more  economical 
manner  of  conducting  operations. 

This  zinc-blende  occurs  in  lenticular  deposits  in  the  upper  strata  of  the  Sub- 
Carboniferous  limestone.  Between  the  ore  and  the  limestone  there  is  always  a 
deposit  of  chert  or  flint,  which  also  assumes  a  lenticular  shape.  As  most  of  the 
deposits  are  near  the  surface,  the  working  of  them  is  a  comparatively  easy  matter. 

The  usual  method  at  Webb  City,  is  for  the  owner  of  the  soil  to  lease  it  to  a 
mining  company,  who  sink  trial-shafts  and  prospect  generally.  When  an  ore- 
deposit  is  struck,  the  shaft  is  sunk  only  a  short  distance  down,  not  by  any  means 
to  the  bottom  of  the  deposit.  The  upper  part  of  the  vein  is  thus  drained,  and  a 
sufficiency  of  water  is  got  for  the  dressing  processes.  The  surface  is  then  let  out 
to  individual  miners  in  lots,  usually  200  feet  square.  These  miners  sink  shafts 
and  work  out  the  part  drained  of  water ;  and,  as  no  supports  are  used,  the  lime- 
stone roof  generally  caves  in,  and  the  lower  portions  of  the  ore-deposits  are  buried 
and  lost. 

The  rational  way  of  mining  these  lenticular  deposits  is  illustrated  by  an  ideal 
section  embodying  the  following  suggested  improvements : — When  a  trial-shaft 
strikes  a  deposit  it  should  be  continued  down  to  a  fair  distance  below  the  bottom, 
so  that  it  shall  drain  the  whole  of  the  deposit.  The  approximate  extent  and 
shape  of  the  ore-body  should  then  be  ascertained  b}*  drifts  from  the  discovery- 
shaft  at  various  levels.  A  second  and  smaller  shaft  should  then  be  sunk  for 
ventilating  purposes  at  or  near  the  centre  of  the  deposit.  The  mining  should 
begin  at  the  bottom  of  the  deposit  and  extend  upward  in  an  arch  form,  so  that 
the  roof  shall  always  be  able  to  support  itself.  Timbering  is  used  for  gaining 
access  to  the  faces.  The  barren  pieces  of  rock  need  never  be  raised  out  of  the 
working,  and  the  tailings  from  the  dressing  processes  may  be  lowered  down  the 
air-shaft  to  fill  up  the  vacant  spaces  at  the  bottom  of  the  working  underneath 
the  timbering.  In  this  way,  after  the  whole  of  the  ore  has  been  excavated,  the 
space  formerly  occupied  by  it  will  be  partly  filled  up  again,  so  that  the  roof  will 
be  more  or  less  supported.  Another  advantage  will  be  that  the  unsightly  mounds 
usually  seen  round  the  shaft  mouth  will  be  removed,  and  their  weight  will  not 
•crush  down  the  limestone  roof.  J-  W. 
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I.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


ACETYLENE  LAMP. 

Lampe  a  V Acetylene,.     Anon.     Journal  Mensuel  de  I'Academie  Nationah,  Agricole, 
Manufacturiere  et  Commerciale,  December,  1895,  with  three  ilhcstrations. 

The  Trouve"  portable  acetylene  gas-lamp  resembles  an  ordinary  oil-lamp  in  its 
outward  appearance.  The  body  of  the  lamp,  holding  water,  contains  a  closed 
vessel  pierced  with  a  hole  at  its  bottom,  in  which  a  metallic  wire-cage  is  sus- 
pended, filled  with  pieces  of  carbide  of  calcium.  The  theoretical  working  of  this 
lamp  is  similar  to  that  of  the  ordinary  sulphuretted-hydrogen  apparatus  of  the 
laboratory.  The  water  in  the  reservoir  of  the  lamp  enters  into  the  closed  vessel 
from  below,  upwards  through  the  hole  pierced  at  its  bottom.  As  soon  as  the 
water  in  the  closed  vessel  reaches  the  pieces  of  carbide  of  calcium  placed  in 
the  wire-cage,  there  is  an  abundant  evolution  of  acetylene  gas,  which  flows  into 
the  upper  part  of  the  closed  vessel,  drives  the  water  downward,  and  breaks  the 
contact  between  the  water  and  the  carbide  of  calcium.  The  production  of  gas  is, 
consequently,  stopped  as  soon  as  the  gas  produced  ceases  to  be  burnt  in  the  upper 
part  of  the  lamp,  in  the  ordinary  manner  with  a  small  burner. 

Mr.  Trouve  is  also  the  inventor  of  a  similar  arrangement  by  means  of  which 
acetylene  gas  may  be  stored  in  an  ordinary  gasometer. 

Great  care  is  required  in  the  preparation  of  acetylene  gas  from  carbide  of 
calcium  in  contact  with  water,  as  pressures  exceeding  200  lbs.  per  square  inch 
may  be  easily  produced,  resulting  in  the  entire  destruction  of  the  apparatus. 

M.   W.  B. 


THE  CREDO  DEPOSIT  OF  ASPHALT  AND  PETROLEUM,  FRANCE. 

Note  sur  le   Gisement  de  Pe'trole  et  d'Asphalte  du  Crldo.      By  —  Botjlaxgier. 
Comptes  Rendus  Mensuels  de  la  Society  de  Vlndustrie  Minirale,  1896,  page  14. 

The  recently  discovered  deposit  at  the  Credo,  on  French  territory  near  the 
Swiss  frontier,  contains  beds  of  sand  impregnated  with  a  viscous  petroleum  rich 
in  paraffin,  running  from  the  sand  as  soon  as  the  beds  are  cut,  and,  strangely 
enough,  flowing  at  and  from  the  altitude  of  2,952  feet  (900  metres).  A  second 
substance  of  the  hydrocarbon  family,  asphalt,  has  also  just  been  discovered. 

Credo  lies  midway  between  the  two  most  important  asphalt  mines,  that  of 
Seyssel  in  France,  and  that  of  Val-de-Travers  in  Switzerland.  J.  W.  P. 


VOL.  XLV. -1895-96 


64  NOTES   OF   PAPERS   IN   COLONIAL   AND    FOREIGN 

DUST-FIRING  IX  BROWN-COAL  BRIQUETTE  WORKS. 
Uebtr  s  ■■  i  !  Kessd/euerung  in  der  Braunkohlea-Brikeitfc^rikation. 

Dr.  Kossmank.     Berg-  and  Huettt  n  ■ivrnnische  Zeitunrj,  1895,  vol.  lv.,  pages  45 
and  61. 

More  coal-dust  is  produced  in  the  operation  of  making  brown-coal  briquettes 
than  in  any  other  branch  of  mining  industry  except  the  dry  sifting  of  small  coals. 
The  utilization  of  this  dust  for  firing  the  boilers,  etc.,  is  however,  neglected  on 
the  score  that  there  is  not  enough  produced  to  afford  a  constant  supply,  and  that 
it  would  not  be  worth  while  to  fit,  merely  a  few  of  the  furnaces  with  the  requisite 
appliances  At  present,  the  method  of  firing  adopted  is  wasteful,  the  thick  layer 
of  coal  on  the  sloping  furnace-bed  needing  a  greater  draught  than  is  absolutely 
requisite  for  combustion,  so  that  the  gases  pass  away  into  the  chimney  before  they 
have  yielded  up  their  heat,  about  34  6  per  cent,  whereof  is  thus  wasted.  An 
additional  waste  of  heat  is  caused  by  the  presence  of  a  high  percentage  (45  to  55) 
of  water  in  the  coal,  nearly  one-half  being  in  a  state  of  chemical  combination.  The 
gain  from  coal  containing  13  per  cent,  of  moisture,  as  compared  with  the  same  coal 
with  18  per  cent,  of  moisture,  supposing  28  tons  to  be  consumed  per  diem  shows  a 
monetary  saving  for  10  boilers  per  annum  (300  days)  of  nearly  £640. 

In  making  brown-coal  briquettes,  the  dust  is  chiefly  produced  in  the  drying- 
ovens,  and  the  elevators  conveying  the  dried  coal  to  the  presses.  In  the  former 
case,  the  dust  is  partly  carried  away  by  the  water  vapour  evolved  from  the  coal, 
the  remainder  being  deposited  in  the  ovens  or  the  collecting  box  for  the  dry  coal. 
In  the  other  instance,  most  of  the  dust  is  drawn  into  chimneys  by  an  exhaust  fan, 
a  portion,  however,  settling  on  the  presses  and  constituting  the  driest  grade. 
Some  40  cwts.  of  dust  have  been  collected  in  a  day  of  24  horns  at  a  works  employing 
four  presses.  In  consequence  of  the  danger  of  explosion,  it  has  been  found 
advisable  to  exhaust  the  whole  of  the  dust  by  a  sj^stem  of  exhaust  fans  wherein  it 
is  met  by  jets  of  water  and  collected  in  a  tank,  partially  dried,  and  thrown  away. 

C.  S. 


PROPFE  MILL  FOR  COAL-DUST  FUEL. 

Ueber  Kohlenstaub-MuUerei  mittelst  Propfe-Muhlen.     By  S.  E.     Oesterrekhische 

Wollen  und  Leinen  Industrie,  1896,  vol.  xvi.,  page  174. 

In  ordinary  disintegrators,  the  speed  is  of  necessity  so  high,  in  order  to  produce 
an  impact  of  the  coal  against  the  bars  sufficient  to  break  the  former  down,  that 
the  apparatus  is  constantly  endangered  by  the  risk  of  foreign  bodies  (metal,  etc.) 
getting  into  and  breaking  it.  On  the  other  hand,  mills,  in  which  the  crushing 
power  is  exerted  by  spherical  rollers,  have  only  a  comparatively  small  working-face, 
and  lose  much  power  in  friction. 

In  the  Propfe  mill,  both  the  centrifugal  and  spherical-roller  principles  are  com- 
bined, the  arinding-chamber  containing  two  sets  of  rollers  set  loosely  between 
horizontal  guides  attached  to  an  upright  shaft,  and  working  against  a  heavy  ring 
of  iron.  This  arrangement  allows  lumps  of  unequal  size  to  pass  into  the  mill,  and 
as  the  coal  is  crushed  between  two  masses  of  metal,  the  pressure  of  which  can  be 
varied  by  altering  the  speed,  the  rate  of  rotation  can  be  sensibly  reduced,  the 
speed  actually  required  being  between  one-seventh  and  one-twelfth  that  of  the 
disintegrating  mills. 

One  set  of  rollers  is  situated  in  the  upper  part  of  the  grinding-chamber,  and  the 
other  at  the  bottom.  The  intermediate  space  is  occupied  by  a  number  of  fan- 
blades  mounted  on  the  main  axle,  which  blow  out  the  coal-dust  through  the  per- 
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forated  sides  of  the  chamber  into  an  outer  case.     The  portions  of  coal  insufficiently 
ground  by  the  upper  rollers  fall,  and  are  finished  by  the  lower  set. 

This  mill  is  said  to  be  capable  of  grinding  (working  with  12  to  18  horse-power 
at  200  revolutions  a  minute)  20  to  50  cwts.  of  hard  coal,  or  16  to  45  cwts.  of  brown 
coal,  per  hour,  at  a  cost  of  Is.  3d.  to  Is  6d.  per  ton  for  dust  fine  enough  to  pass 
through  a  mesh  0012  inch  in  diameter.  At  the  Anhalt  colliery  (Frose),  between 
30  and  31  cwts.  of  dust  were  recently  ground  per  hour,  with  an  expenditure  of 
17  T  horse-power.  As  about  one-fourth  of  the  power  was  employed  in  driving  the 
elevator,  intermediate  gearing,  and  other  auxiliary  machinery,  it  may  be  reckoned 
that  the  actual  capacity  of  the  mill  was  2k  cwts.  of  dust  per  hour  for  each  horse- 
power employed.  C  S. 

COAL-DUST  FURNACES. 

Ueber  Kohlenstaubfeuenmgen.     ByF.  Bleichsteeser.     Oesterreichische  Zeitsehrifi 

fib-  Berg-  und  Huttenwesen,  1896,  vol.  xliv.,  pages  237-240. 

Notwithstanding  that  for  some  kinds  of  furnaces  coal-dust  firing  is  less  easy  to 
regulate  than  gas,  it  will  be  found  preferable  to  the  latter  in  other  cases,  such  as 
those  where  a  constant  high  temperature  without  oxidizing  flame  is  required — 
long  furnaces  for  ingots,  for  example,  the  coal  burning  without  excess  of  air. 
Again,  in  the  several  stages  of  working  puddling  gas-furnaces,  where  not  only  are 
variations  of  temperature  required,  but  also  facilities  for  producing  at  will  a 
reducing  or  oxidizing  flame,  it  is  found  that  for  coal-dust  a  compressed-air  draught 
is  useful  in  order  to  render  the  rate  of  combustion  independent  of  the  natural 
draught  of  the  chimney  stack,  which  latter  varies  continually  in  accordance  with 
the  prevailing  atmospheric  conditions.  This  is  of  importance  when  a  hot-air  blast 
is  used,  the  temperature  in  that  case  rising  rapidly  and  increasing  the  consumption 
of  coal,  which  is  necessary  in  large  furnaces,  and  cannot  be  so  well  effected  by 
using  larger  spraying-nozzles,  or  increasing  their  number. 

Although  there  is  a  general  consensus  of  opinion  in  favour  of  dust-fuel,  doubts 
are  expressed  whether  the  cost  of  grinding,  etc.,  will  not  swallow  up  the  advan- 
tages derived  in  other  ways.  There  is  also  the  question  of  sacks  ;  but  these  will 
not  increase  the  cost  by  more  than  Id.  per  ton,  including  repairs,  1  ewt.  sacks, 
that  may  be  filled  a  hundred  times,  being  purchasable  in  Vienna  at  rather  less  than 
3d.  apiece. 

Wet  coal,  i.e.,  coal  that  has  been  washed,  or  contains  more  than  the  ordinary 
percentage  of  moisture  usually  found  therein  when  it  leaves  the  pit,  is  unsuitable 
for  grinding,  as  it  clogs  up  the  disintegrator,  and  necessitates  an  increase  of  driv- 
ing power  to  about  two  and  a  half  times  the  normal  amount.  Even  in  ball-mills, 
though  to  a  less  extent,  damp  coal  does  not  grind  satisfactorily.  Where,  however, 
the  coal  has  only  the  natural  quantity  of  moisture,  it  pulverizes  easily,  and  the 
choice  of  mills  is  simplified  into  a  consideration  of  the  relative  cost  of  initial  outlay 
and  maintenance.     The  following  figures  show  the  cost  of  grinding  :  — 

A  disintegrator  capable  of  grinding  8  to  8s  tons  of  coal-dust  per  12  hours,  line 
enough  to  pass  through  a  sieve  of  0'012  inch  mesh,  will  cost  about  £125,  and 
require  a  10  horse-power  engine.     The  cost  of  working  will  be  :  — 


Power,  per  12  hours 

Attendance 

Wear  of  plant 

Redemption  of  capital,  25  per  cent. 

Total      

per  diem  for  8|  tons,  or  less  than  Is   3d.  per  ton. 


s.  d. 

4  9 

2  3 

1  0 

1  6 

9  6 
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A  ball-mill  will  cost  £200,  and  require  a  12  horse-power  engine  to  produce  9  to 
10  tons  per  diem,  the  expenses  of  grinding  being  about  Is.  per  ton,  including 
repairs  and  wear  of  plant  at  £10  15s.  per  annum,  and  writing  off  10  per  cent,  of 
the  cost.  Vertical  ball-mills  will  be  more  expensive  to  work,  the  wear  and  tear 
being  greater.  If  water-power  be  available,  the  cost  of  grinding  would  fall  to 
about  one-half  the  above-named  estimated  cost. 

A  caution  may  be  addressed  to  those  who  think  that  their  difficulties  are  at  an 
end  so  soon  as  they  have  purchased  a  coal-firing  apparatus ;  they  will  speedily  find 
that  the  process  requires  to  be  worked  with  care  and  intelligence,  if  good  results 
are  to  be  obtained.  C.  S. 


POWDERED    COAL-FIRING. 

Ueber  die  Fortschritte  in  der  Kohlenstaubjcutrung  und  die  Anwendung  derselben 
im  Hiittenwesen.  By  Victor  V.  Neumann.  Zeitschrift  des  Oesterreichischen 
Inginieur-und  Architekten  Verein,  June  5th,  1896,  and  drawings. 

The  different  systems  of  powdered  coal-firing  have  been  already  described  in  a 
paper  read  before  The  Federated  Institution  of  Mining  Engineers  by  Mr.  Bryan 
Donkin.*  There  are  five  methods  now  before  the  public,  the  Wegener,  Schwartz- 
kopff,  Friedeberg,  De  Camp,  and  Ruhl.  The  principles  governing  the  combustion 
of  powdered  coal  are  so  different  from  those  hitherto  usual,  that  they  naturally 
make  their  way  slowly.  In  ordinary  firing,  a  thick  lajTer  of  coal  is  spread  over  the 
grate.  Combustion  takes  place  only  on  the  surface,  and  can  never  be  uniform, 
because  it  is  impossible  to  regvdate  the  quantity  of  air  in  proportion  to  the  coal 
burnt.  In  powdered  coal-firing  only  as  much  combustible  is  admitted  at  a  time  as 
will  burn,  with  a  corresponding  quantity  of  air  fed  in  by  the  chimney-draught  or 
forced  blast,  and  the  supply  of  both  is  continuous.  The  powdered  coal  surrounded 
by  the  oxygen  of  the  air  burns  away  at  once  without  any  reserve  of  glowing  fuel 
in  the  furnace.  The  economy  and  relatively  perfect  combustion  depend  upon  the 
proportional  quantities  of  coal  and  air,  and  the  latter  may  be  reduced  to  the 
theoretical  amount  required  for  complete  combustion.  This  is  the  chief  advantage 
of  powdered  coal-firing      To  ensure  it  the  following  conditions  are  requisite  : — 

1.  The  coal  must  be  finety  and  uniformly  ground. 

2.  An  apparatus,  more  or  less  complicated,  usually  driven  mechanically,  is 
necessary  to  introduce  it  into  the  furnace. 

3.  A  combustion-chamber,  lined  with  fire-brick  and  maintained  at  a  high 
temperature,  is  essential,  because  there  is  no  grate,  and  no  mass  of  burning  fuel  to 
ignite  the  powdered  coal  as  it  enters. 

4.  The  volatile  ash  formed  by  the  incombustible  residiium  must  be  removed 
easily  and  quickly. 

The  advantages  of  powdered  coal-firing  are : — Economy  of  combustible  and 
utilization  of  the  poorer  kinds  of  coal ;  less  attendance  required  ;  no  smoke. 

The  main  difficulty  is  to  grind  the  coal.  The  production  of  a  good  coal- 
grinding  mill  is  of  such  importance  that  the  general  adoption  of  powdered  coal- 
firing  seems  to  depend  chiefly  on  it,  and  the  subject  is  now  occupying  the  attention 
of  many  engineers.  The  coal  must  be  reduced  to  a  powder  as  fine  as  cement, 
crushed  to  an  uniform  size,  and  passed  through  a  fine  sieve  :  it  must  therefore  be 
both  ground  and  sifted.  Any  kind  of  small  coal  may  be  used,  except  lignite,  but 
it  must  be  dry,  and  should  be  kept  under  cover  until  wanted.  In  many  cases  the 
cost  of  grinding  is  covered  by  the  difference  in  original  price  between  the  poor  coal 
and  dust  utilized,  and  the  large  coal  generally  required. 

*  Trans.,  vol.  xi.,  pajje  321. 
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There  are  three  kinds  of  coal  grinding-mills  :  disintegrators,  ball  crushing-mills, 
and  centrifugal  rolling-mills.  The  first  are  suited  for  grinding  hard  coal,  but  only 
if  perfectly  dry,  and  a  separate  sieve  is  necessary.  The  ball  crushing-mills  also 
require  a  sieve  and  much  power  to  drive  them,  will  only  grind  dry  coal,  and  are 
rather  dear.  The  disintegrators  deliver  per  hour  from  110  lbs.  to  2,200  lbs.,  and 
require  from  1  to  8  horse-power  to  drive  them.  The  ball  crushing-mills  deliver 
from  110  lbs.  to  1,100  lbs.  per  hour,  and  require  from  \\  to  11  horse-power.  The 
newest  and  best  are  the  centrifugal  rolling-mills.  They  are  efficient,  not 
susceptible  to  moisture  in  the  coal,  and  clean — all  the  machinery  being  enclosed. 
They  will  deliver  220  lbs.  per  horse-power  per  hour,  and  grind  lignite  containing 
20  per  cent,  of  moisture.  All  that  is  required  with  these  mills  is  to  feed  in  the  coal 
at  the  top,  and  withdraw  the  automatically  filled  sacks  at  the  bottom.  A  small 
disintegrating  mill  has  been  working  in  an  Austrian  foundr}-  for  a  year.  It 
delivers  440  to  550  lbs.  of  coal  per  hour,  and  requires  2  to  3  horse-power  to  drive  it. 
It  is  the  only  continuous  coal  grinding-mill  in  Austria,  and  has  supplied  pow- 
dered coal  for  all  the  experiments.  The  coal  costs  about  2s.  Id.  per  ton  to  grind,  but 
this  price  will  probably  be  reduced  before  long,  and  it  is  already  covered  by  the 
poorer  coal  used.  The  grit  and  dross  now  employed  to  fire  a  welding-furnace  were 
formerly  thrown  away.  There  is  still,  however,  much  prejudice  against  powdered 
coal,  and  it  will  not  be  generally  adopted  until  it  can  be  bought  read}-  for  use, 
like  other  kinds  of  combustible.  At  many  mines,  large  quantities  of  coal-dust,  at 
present  of  small  marketable  value,  might  be  cheaply  ground  on  the  spot,  and 
turned  into  good  serviceable  fuel.  It  is  in  the  interest  of  mine-OMners  to  grind 
their  coal,  and  thus  supply  a  want  which  has  hitherto  been  the  chief  hindrance  to 
the  spread  of  powdered  coal-firing. 

The  second  requisite  in  all  powdered  coal  combustion,  except  the  Wegener 
furnace,  is  motive  power  to  introduce  the  coal,  either  by  means  of  compressed  air 
or  a  rotating  apparatus.  If  Mr.  Wegener  succeeds  in  utilizing  the  chimney- 
draught,  he  will  have  made  an  important  step  in  advance.  In  the  other  four  types 
motive  power  is  required. 

The  Schwartzkopff  apparatus  is  the  only  one  hitherto  used  in  Austria.  It  con- 
sists of  a  rapidly  rotating  steel-wire  brush,  which  sweeps  the  powdered  coal  into 
the  combustion-chamber.  The  coal  is  conveyed  to  the  brush  through  a  shaker, 
and  is  introduced  into  the  furnace  mechanically  and  separately,  instead  of  bein" 
carried  along,  as  in  all  other  systems,  with  the  air  for  combustion.  The  latter 
enters  independently,  and  its  admission  is  carefully  regulated.  As  with  this 
apparatus  the  ah-  may  be  highly  heated,  the  surplus  heat  from  the  furnace  can  be 
utilized  for  the  purpose,  and  this  is  of  great  importance  in  metallurgical  work. 
The  Schwartzkopff  brush  makes  900  revolutions  per  minute,  and  requires  about 
0-10  horse-power  to  drive  it.  A  welding-furnace  has  been  working  successfullv, 
and  without  intermission,  since  May,  1895,  at  Marktl,  in  Austria. 

The  third  requisite  is  a  highly  heated  combustion-chamber,  lined  with  fire- 
brick, to  ignite  the  coal ;  the  higher  the  temperature  the  better  the  combustion. 
The  chamber  is  easily  arranged  in  Lancashire  boilers,  by  dividing  them  in  two 
with  a  small  fire  bridge,  which  converts  one  end  into  a  combustion-chamber. 
Part  of  the  boiler  heating-surface  is  thus  lost,  but  more  complete  combustion  is 
obtained,  and  a  high  initial  temperature  of  the  gases.  With  water-tube  boilers, 
furnaces  with  arches  and  a  series  of  holes  give  the  best  combustion.  In  metal- 
lurgical furnaces,  which  are  throughout  at  the  same  high  temperature,  no  difficulty 
is  experienced,  and  the  combustion-chamber  can  be  made  much  smaller.  The 
necessity  for  it  is  not  a  drawback,  but  an  advantage,  because  almost  perfect  com- 
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Lust  ion  can  be  ensured.  With  a  high  furnace  temperature,  water  and  carbonic  acid 
gas  are  formed,  with  poor  combustion,  soot,  smoke,  and  much  carburetted  hydrogen. 
These  chambers  also  retain  the  heat  when  the  boiler  or  furnace  is  not  in  use. 

The  fourth  difficulty  with  powdered  coal  fuel  is  the  incombustible  residuum, 
which  cannot  of  course  be  burnt,  but  forms  a  light  and  easily  removable  clinker. 
By  properly  directing  the  air-current  the  solid  particles  carried  off  with  the  flue 
gases  can  be  deposited  in  a  given  place.  With  pure  coal  containing  little  ash,  the 
structure  of  the  boiler  need  not  be  altered,  but  where  there  is  much  clinker  and  ash 
cave  must  be  taken  to  facilitate  their  removal.  It  is  sometimes  necessary  to  have 
two  ash-boxes,  one  in  front  and  one  behind  the  boiler.  In  a  cement-factory,  near 
Saarbriicken,  4  sets  of  Sehwartzkopff  apparatus  have  been  working  for  months 
with  coal  containing  44  per  cent,  of  as'i  and  non-combustible  substance,  and  no 
difficulty  has  been  experienced. 

Up  to  the  present  date  (1896),  5  boilers  in  Austria  have  been  fitted  with  the 
Sehwartzkopff  tiling.  The  coal  used  is  Ostrauer  small,  containing  about  17 '8  per 
cent,  of  ash.  The  first  boiler  was  in  Vienna,  and  had  bowUleurs  above  and  one  large 
tube  below.  Fired  in  the  ordinary  way  with  good  Silesian  coal,  it  evaporated  5 
lbs.  of  water  per  hour  per  square  foot  of  heating  suface.  With  the  Sehwartzkopff 
apparatus  and  greatly  forced,  the  boiler  evaporated  7  lbs.  of  water  per  hour  per 
square  foot  of  heating  surface,  or  an  economy  of  29  per  cent,  over  ordinary  firing, 
apart  from  the  difference  in  quality  of  the  coal.  The  temperature  of  the  flue-gases 
was  450  degs.  Cent.  A  water-tube  boiler  with  Sehwartzkopff  firing  was  much 
forced  for  months.  No  experiments  could  be  made,  but  the  large  quantity  of 
water  evaporated  showed  that  the  apparatus  worked  well,  even  when  the  brick 
combustion-chamber  was  red  hot.  Two  other  small  boilers  have  been  fitted  with 
Sehwartzkopff  firing,  but  no  regular  experiments  have  been  made  with  them.  A 
Dupuis  boiler  gave,  during  a  preliminary  trial,  an  economy  of  15  per  cent,  of  coal. 
In  foundries,  excellent  results  have  been  obtained,  and  it  may  be  said  that  for 
this  class  of  work  powdered  coal  firing  is  likely  to  be  even  more  extensively  used 
than  for  boilers.  The  first  smelting-furnace  with  Sehwartzkopff  firing  was  set  up 
at  Messrs.  Neumann's  works  at  Marktl,  and  has  been  working  continuously  since 
July,  1895.  A  puddling-furnace  was  next  added,  and  now  all  the  furnaces  in  this 
foundry  have  been  similarly  re-modelled.  In  three  other  places,  a  coal  grinding- 
mill  and  smelting-furnace  have  lately  been  put  up.  The  chief  advantage  of  the 
Sehwartzkopff  apparatus  for  foundry  work  is  that  the  surplus  heat  of  the  powdered 
coal  firing  is  utilized  to  heat  the  air  for  combustion.  In  metallurgical  furnaces  all 
the  operations  are  carried  out  between  narrow  working  limits,  and  at  very  high 
temperatures,  and  even  the  most  perfect  combustion  can  only  be  economical  if  the 
surplus  heat  is  utilized.  Hence  the  Sehwartzkopff  sj-stem  is  especially  suitable, 
because  in  it  the  air  for  combustion  is  introduced  separately  and  can  be  previously 
heated.  If  the  air  has  to  carry  the  powdered  coal  along  with  it,  and  to  pass 
through  all  the  mechanism  for  sifting  and  admitting  the  fuel,  it  must  part  with 
most  of  its  heat  before  it  enters  the  furnace.  At  Marktl,  two  of  the  furnaces  have 
recuperatoi's.  On  leaving  the  furnace,  the  flames  or  hot  gases  pass  between  these 
pipes  on  their  way  to  the  chimney ;  the  air  circulates  through  them  in  the  reverse 
direction  before  entering  the  furnace.  The  third  furnace  has  a  dust-absorbing 
chamber  but  no  recuperator,  showing  that  even  with  cold  air  a  proper  welding 
heat  may  be  attained ;  in  such  a  case  the  excess  of  heat  in  the  furnace  may  be 
utilized  to  generate  steam. 

The  results  obtained  with  powdered  coal  as  compared  with  the  Boetius  gas- 
furnaces  formerly  used  are  very  favourable,  showing  in  some  cases  an  economy  of 
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coal  of  40  per  cent,  and  an  increased  production  of  25  per  cent.  Formerly  in 
welding-furnaces  there  were  from  four  to  six  furnace-charges  per  shift,  now  there 
are  from  five  to  eight.  The  consumption  of  coal  is  diminished  one-third,  and  100 
lbs.  of  pure  iron  are  produced  from  120  instead  of  128  lbs.  as  formerly.  The  waste 
is  also  less.  This  foundry  is  on  a  small  scale,  and  the  rollers  work  slowly.  From 
110  to  154  lbs.  of  raw  and  scrap  iron  are  rolled  out  into  thin  plates  in  20  to 
25  minutes,  and  this  affects  unfavourably  the  efficiency  of  the  furnace.  With 
the  Schwartzkopff  firing  in  a  twelve  hours'  shift,  and  eight  single  charges, 
6  tons  of  pure  puddling  bars  were  obtained  from  6-4  tons  of  iron.  The  consump- 
tion of  coal  was  18-7  lbs.  per  100  lbs.  of  bars,  a  result  which  has  seldom  been 
exceeded  even  in  large  regenerative  gas-furnaces.  In  quick  puddle-firing,  there 
were  formerly  fifteen  to  seventeen  furnace-charges  per  shift,  with  a  coal  con- 
sumption of  T6  tons  to  1*7  tons;  with  powdered  coal-firing,  there  are  twenty-two 
to  twenty-four  charges,  and  the  consumption  of  coal  is  1*1  to  1"2  tons,  or  50  per 
cent,  economy.  Feeding  the  furnaces  is  a  safe  and  simple  operation,  requiring 
little  stoking  and  few  men.  Heating  up  by  means  of  a  small  auxiliary  grate  is 
effected  more  rapidly  than  in  grate  furnaces.  A  wood  or  coal  fire  is  kept  up  for 
an  hour  till  the  combustion-chamber  is  hot  enough  to  ignite  the  powdered  coal 
which  is  then  introduced,  and  in  three  hours  the  whole  furnace  is  at  a  white  heat. 
The  same  method  is  adopted  in  boilers.  The  time  occupied  depends  on  the  tem- 
perature of  ignition  of  the  coal ;  lignite  catches  easily,  coke  and  anthracite  take 
longer  to  burn,  and  if  they  are  used  it  is  better  to  begin  with  a  sack  of  lignite. 
No  explosions  of  powdered  coal  have  occurred,  and  they  are  only  possible  with 
very  unskilful  stoking,  if  the  flues  are  allowed  to  get  choked  with  unburnt 
powdered  coal.  This  fuel  is  safer  than  gas  for  firing.  The  coal  is  introduced 
through  an  adjustable  screw,  air  through  the  dampers,  and  the  admission  of  both 
is  regulated  easily.     Even  with  very  damp  coal  the  apparatus  will  work. 

Analyses  of  the  gases  of  combustion  give  from  15  to  17  per  cent,  of  carbonic 
acid,  13  per  cent,  of  carbon  monoxide,  and  0  6  per  cent,  of  oxygen.  It  is  not 
necessary  to  open  the  fire-doors  or  clear  the  grate,  but  the  ash  must  be  occasionally 
removed  and  the  recuperator  cleaned.  The  sulphur  in  the  coal  burns  as  easily  as 
on  a  grate.  The  character  of  the  incombustible  residuum  can  be  determined  from 
the  analysis  of  the  coal.  The  quantity  of  volatile  ash  deposited  in  the  furnace 
depends  on  the  draught,  regulated  by  the  dampers. 

Powdered  coal-firing  has  in  nine  mouths  j'ielded  results  so  excellent  that  they 
outweigh  the  disadvantages  of  grinding  the  coal,  transmitting  the  power,  and 
removing  the  ash.  If  in  small  ironworks  with  three  furnaces  and  a  yearly  coal 
consumption  of  275  to  285  truck-loads,  from  90  to  150  truck-loads  can  be  saved, 
the  production  of  iron  increased,  and  cost  of  labour  diminished,  it  may  safely  be 
asserted  that  powdered  coal-firing  forms  an  almost  ideal  combustion  for  nearly  all 
kinds  of  metallurgical  work,  and  is  far  preferable  to  gas-fired  furnaces.  The 
economy  obtained  is  20  to  30  per  cent,  in  boilers,  and  30  to  40  per  cent,  in  smelting- 
furnaces.  As  the  apparatus  does  not  produce  any  smoke  there  is  none  for  it  to 
consume.  If  this  good  result  can  be  permanently  maintained,  powdered  coal-firing 
will  greatly  contribute  to  the  solution  of  the  smoke-abatement  question. 

B.   D 
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THE  COMBUSTION  OF  COAL  IN  AIR. 

Zur    Verbrennung   von  Kohle  in  Luft.      By  Alex.   Naumann.     Zeitschrift  fur 
angewandte  Chemie,  1896,  page  200. 

The  results  of  experiments  performed  in  the  author's  laboratory  lead  to  the 
conclusion  that  the  formation  of  carbon  dioxide  begins  at  about  400  degs.  Cent. 
and  increases  rapidly  up  to  between  500  and  700  degs.  Cent,  when  the  maximum 
(20  per  cent,  of  the  evolved  gas)  is  obtained,  with  complete  consumption  of  the 
oxygen  provided  the  air-current  be  not  too  rapid.  At  the  above  temperatures,  a 
little  carbon  monoxide  is  formed,  both  when  the  draught  is  slow  and  the  layer  of 
coal  long,  but  at  about  900  degs.  Cent,  its  formation  increases,  and  at  1,000 
degs.  Cent,  and  above,  no  carbon  dioxide  is  produced,  all  the  carbon  burning  into 
monoxide  with  complete  consumption  of  the  oxygen. 

The  formation  of  carbon  monoxide  direct  and  by  reduction  of  the  dioxide  was 
proved  by  direct  experiments,  it  being  found  impossible  to  completely  reduce  the 
dioxide  by  means  of  coal  at  1,000  to  1,100  degs.  Cent.,  thus  proving  that  the 
dioxide  is  not  produced  at  these  temperatures,  otherwise  a  certain  proportion 
would  be  found  unreduced  amongst  the  products  of  combustion. 

The  subjoined  table  shows  the  percentage  composition  of  the  flue-gases  at 
different  temperatures  of  combustion : — 

Percentages  by  Volume. 


Temperature. 

Carbon 

Carbon 

Degs.  Cent. 

Dioxide. 

Monoxide. 

Oxygen. 

375 

0  5 

00 

200 

401 

6-2 

0-8 

12-3 

495 

19-0 

1-6 

0 

675 

19-8 

1-1 

0 

700 

18  0 

2-5 

0 

800 

17-9 

5-9 

0 

900 

10-1 

15-S 

0 

950 

06 

315 

0 

995 

o-o 

34-4 

0 

1,000 

o-o 

34-2 

0 

1,075 

o-o 

346 

0 

1,092 

o-o 

34-4 

0 

Theoretically,  the  percentage  of  carbon  monoxide  resulting  from  the  complete 

conversion  of  the  carbon  into  monoxide, 

would  be  34-3, 

and  that  of  nitrogen  657. 

C.  S. 

THE  SMOKE  QUESTION. 

Neue  Beitriiii<    zur  Rauchfrage.      By  Messrs.  Von  Schroder  and  W.  Schmitz- 

Dumont.     Diny/tr\s  Polyteclmisches  Journal,  1896,  vol.  300,  pages  65,  111,  and 

136. 

The  authors  subjected  a  number  of  young  pines,  firs,  maples,  and  lindens  to 

the  action  of  dilute  sulphurous  acid  gas  (T5^jo  to  Toooooo)  daily  for  some  weeks> in 

order   to   ascertain   the  minimum   limit  of   the   dilution   capable   of   injuriously 

affecting  vegetation.     It  was,  however,  found  that  in  all  the  experiments  the  trees 

sickened,  although  in  some  cases  the  sulphurous  acid  was  no  longer  perceptible  to 

the  senses,  the  effects  produced  being  practically  the  same  whether  with  short 
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periods  of  exposure  to  more  concentrated  gas  or  with  longer  exposures  to  the  gas 
in  a  state  of  greater  dilution.  The  leaves  or  needles,  particularly  those  on  the 
new  shoots,  turned  grey,  then  reddish  brown,  and  finally  dropped  off.  The 
percentage  of  sulphur  in  the  leaves  was  much  higher,  being  in  some  instances 
twice  or  thrice  the  amount  originally  present,  from  which  circumstance,  coupled 
with  the  fact  that  where  the  plants  were  merely  watered  round  the  roots  with 
dilute  solutions  of  sulphurous  acid  no  unfavourable  action  followed  (although  the 
quantity  of  sulphuric  acid  absorbed  therefrom  by  the  leaves  was  larger  than  that 
resulting  from  the  direct  absorption  of  the  gas),  it  is  concluded  that  the  damage  is 
caused  by  the  contact  and  absorption  of  the  acid  gas  into  the  substance  of  the 
plant  through  the  leaves  alone.  It  is  also  believed  that  this  is  true  in  the  case  of 
other  acid  gases,  and  especially  of  hydrochloric  acid. 

Further  experiments  were  carried  out  to  determine  whether  rain  has,  as  is 
sometimes  asserted,  the  power  to  wash  out  some  of  the  sulphurous  acid  absorbed 
by  leaves  exposed  to  smoke.  The  results  of  these  investigations  go  to  show  that, 
in  the  case  of  such  plants  as  potatoes,  the  absorbed  acid  gas  may  be  fully  extracted 
from  the  dead  leaves  by  the  action  of  rain  but  not  from  those  still  in  a  condition  of 
vitality.  On  the  other  hand,  in  the  case  of  resinous  or  waxy  leaves,  water  is 
incapable  of  washing  out  the  acid,  even  in  dead  leaves,  unless  under  abnormally 
favourable  conditions,  such  as  are  little  likely  to  occur  in  nature.  In  fact  the 
authors'  conclusions,  derived  from  their  work,  are  to  the  effect  that  it  is  practically 
impossible  for  the  damage  occasioned  by  smoke  to  trees,  particularly  those  whose 
leaves  contain  wax  or  resin,  to  be  remedied  by  the  re-extractive  action  of  rain,  more 
especially  since  any  small  amount  of  acid  so  washed  out  would  be,  in  districts 
where  smoke  constantly  prevails,  immediately  replaced  by  the  absorption  of  a 
further  quantity.  C.  S. 

EXPANSION-DAMPEKS  FOR  THE  FURNACES  OF  BOILERS  WITH 
SMALL  WATER-TUBES. 

Les  Trappes  d'expansio?i  de  Vapeur  des  Fourneaux  de  Chaudi&res.  By  C. 
Walckenaer,  Secretary  of  the  French  Commission  Centrale  des  Machines  a 
Vapeur.     Annales  des  Mines,  1896,  vol,  ix.,  pacje  521. 

In  a  communication  to  the  Annales  des  Mines*  as  to  measures  for  increasing 
the  degree  of  safety  in  steam-boilers  with  small  water-tubes,  the  principle  was 
indicated  for  ensuring  an  easy  and  harmless  issue  to  the  steam  in  the  event  of  a 
water-tube  bursting.  Since  that  time,  two  arrangements,  fitted  in  Paris,  with 
this  object,  have  been  practically  tested  by  the  bursting  of  tubes,  and  appear  to 
have  acted  satisfactorily.  Both  the  arrangements  were  applied  to  Belleville 
boilers  at  central  electric  stations,  one  having  been  designed  by  Mr.  Delaunay, 
and  the  other  by  the  Edison  Continental  Company. 

Choice  between  the  two  systems  must  depend  on  local  conditions,  especially  on 
the  ventilation  of  the  stokehole  and  the  arrangement  of  the  smoke-flues,  while 
the  design  must  vary  with  the  form  of  the  boilers.  For  instance,  the  Babcock  & 
Wilcox  Company,  as  the  result  of  a  recent  study  of  this  question,  has  decided  in 
future  to  place  expansion-dampers  to  the  right  and  left  of  the  steam-collecting 
tubes  of  its  boilers,  in  that  part  of  the  side-walls  where  formerly  there  were  only 
simple  working-holes  for  sweeping  the  flues ;  but,  as  the  expansion-damper  rests 
upon  an  inclined  frame,  special  precautions  must  be  taken  to  prevent  its  fall  into 
the  stokehole. 

Vol.  vi.,  1894,  page  534. 
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These  arrangements,  however,  constitute  only  half  the  programme  of  safety 
measures,  the  other  half  consisting  of  strongly  barricading  the  fronts  of  the 
boilers,  while  it  is  also  important  that  there  be  no  parts,  such  as  bricks,  that 
might  be  blown  into  the  stokehole.  As  regards  the  doors  of  the  tube-boxes,  one 
of  the  best  precautions  appears  to  consist  in  ensuring  their  closing  by  the  addition 
of  a  horizontal  bar,  firmly  fixed  right  and  left  to  the  metal  framing.  In  the  case 
of  ordinary  grate-furnaces,  the  autoclave  arrangement  of  doors  opening  inwards  is 
to  be  recommended  A  further  improvement,  according  to  Mr.  Bochet,  consists 
in  arranging  the  doors  so  that  if,  when  they  are  opened,  a  pressure  should 
be  set  up  inside  the  furnace,  they  would  always  be  free  to  close  automatically, 
having  indeed  a  tendency  to  do  so ;  and  this  might  perhaps  afford  protection  in 
cases  when,  owing  to  a  tube  bursting  while  the  furnace  is  being  fired,  the  stoker 
is  exposed  to  the  greatest  danger,  as  proved  by  a  fatal  accident  from  this  cause 
which  occurred  at  Paris  in  January  last. 

As  regards  the  ash-pits,  the  best  plan  would  evidently  be  to  leave  no 
permanent  opening  into  the  stokehole  ;  but  makers  hope  to  obtain  the  necessary 
safety  in  this  respect  by  providing  them  with  swing  doors,  or  special  dampers 
working  on  a  horizontal  axis,  so  as  to  close  under  the  slightest  current  of  gas  in 
the  direction  contrary  to  the  normal  air-current.  J.  W.  P. 


THE  DUBIAU  WATER-CIRCULATING  APPARATUS. 

Der  Jpparat  von  Dvbiau.     Anon.     Oesterreichische  Zeitschrift fur  Berg-  und 

Hidtenivessen,  1896,  vol.  xliv.,  pages  134  and  135. 

The  Dubiau  apparatus  is  used  for  promoting  the  circulation  of  water  in  boilers, 
thereby  raising  steam  more  quickly  and  preventing  incrustation.  It  is  claimed 
that  with  this  apparatus,  the  water  circulates  60  to  100  times  each  hour,  and  that 
the  quantity  of  steam  raised  per  lb.  of  coal  burnt  is  increased. 

Taking  for  example  a  Cornish  boiler.  Two  thin  metal  plates,  slightly  curved, 
are  placed  one  on  each  side  of  the  furnace-tube  for  the  whole  length  of  the  boiler, 
a  flat  metal  sheet  is  riveted  to  the  top  ends  of  these  curved  plates  through  which 
small  tubes  are  inserted,  cut  obliquely  at  the  lower  end.  The  tops  of  these  tubes 
reach  into  the  steam  space  above  water-level.  Along  the  top  of  the  boiler  a  thin 
impinging  plate  is  bolted. 

The  cooled  water  falling  to  the  bottom  of  the  boiler  passes  between  these 
curved  plates  and  the  furnace  tube,  part  of  the  water  here  being  converted  into 
steam,  and  steam  and  water  pass  through  the  tubes  on  the  top  plate  into  the 
steam  space  above.  A.  N. 

RAKY  SYSTEM  OF  BORING. 

Dai  Puihjsche  Tiefbohr-Verfahren.     Anon.      Glilckanf,  1896,  vol.  xxxii.,  pages 
225-232,  and  five  figures. 

The  Raky  is  an  improvement  on  the  Fauvelle  system  of  hollow  rods,  armed 
with  a  cutting  chisel,  and  chiefly  relates  to  the  method  of  imparting  motion  to 
these  rods.  They  are  suspended  in  the  usual  way  to  one  end  of  a  lever,  which  is 
pivoted  on  an  axle  carried  on  springs,  so  as  to  diminish  the  violence  of  the  shock 
and  prevent  breakages.  The  weight  of  the  rods  can  be  counterpoised  if  desired. 
The  other  end  of  the  lever  is  connected  by  a  connecting-rod  to  a  crank  on  the  face 
of  a  pulley,  which  is  driven  by  a  slack  belt,  the  necessary  friction  being  produced 
by  a  tightening  pulley  applied  to  the  following  side  of  the  belt.     This  tightening 
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pulley  is  so  pivoted  that  when  the  rods  are  about  to  fall  the  tightener  is  drawn 
back  from  the  belt,  and  the  rods  can  fall  freely  at  a  speed  higher  than  corresponds 
to  the  motion  of  the  crank  at  the  bottom  of  its  stroke.  By  this  means,  too.  the 
machine  can  work  as  fast  as  SO  strokes  per  minute,  and  a  speed  of  130  to  190  feet 
of  boring  has  been  accomplished  in  twenty-four  hours.  In  the  past  year,  a  bore- 
hole was  put  down  successfully  by  this  method  for  petroleum  at  Gunstell,  in 
Alsace.  The  erection  of  the  boring-plant  took  26  working  days,  and,  boring 
to  a  depth  of  1,304  feet  6  inches,  took  332  hours  actual  boring,  91  hours  more 
being  taken  up  with  tubing  the  borehole.  The  speed  of  boring  was  therefore 
nearly  4  feet  per  hour's  work.  Two  eleven-hour  shifts  were  worked,  there  being 
in  each  one  foreman  and  five  labourers.     The  cost  was  as  follows  :  — 

£  s. 

Wages 
Repairs 

Oil  and  lubricants     ... 
Coals    ... 
Material 
General  expenses 
Transport 

Total        

Which,  on  the  above  total  of  1,304  feet  6  inches,  amounts  to  about  3?.  4d.  per  foot. 

H.  L. 
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DETERMINING  THE  CALORIFIC  VALUE  OF  FUEL. 

Determination  du  Pouvoir  calorifique  des  Coinbu-itihhi.     By  E.  Goutal.     Revue  dt 
Chimie  Industrielle,  1S96,  vol.  cii.,  page*  65-67. 

Up  to  the  present  time,  chemists  have  not  been  successful  in  establishing  any 
satisfactory  method  of  determinating  the  calorific  value  of  fuel,  the  estimates 
given  by  different  analysts  on  the  same  material  frequently  varying  by  as  much 
as  10,  or  even  15,  per  cent. 

Prof.  Berthier  in  1834,  proposed  to  estimate  calorific  value  by  the  reducing 
effect  of  the  fuel  on  litharge  ;  but  this  was  found  unreliable,  since  the  amounts  of 
carbon  and  hydrogen  able  to  reduce  a  given  weight  of  lead  have  a  calorific  ratio  of 
34*5  to  24-42,  and  therefore  in  fuels  containing  a  relatively  high  proportion  of 
hydrogen  to  carbon  the  results  would  be  below  the  truth,  and  vice  versa. 

Prof.  Dulong's  formula,  and  that  enunciated  by  Prof.  Mahler,  give  results 
which  agree  pretty  closely  with  those  obtained  with  the  Mahler  bomb,  but  the 
formulas  proposed  by  Messrs.  Scheurer-Kestner  and  Meunier,  Cornu,  and  Ser 
exceed  actual  measurements  by  percentages  ranging  from  3  upwards.  In  any 
case,  seeing  the  discrepancies  in  the  results  furnished  by  different  analysts,  it  is 
better  to  leave  formulae  based  on  ultimate  analysis  out  of  the  question. 

Dr.  Gmelin's  formula,  in  which  cognizance  is  taken  of  the  amount  of  moisture 
in  air-dry  material,  and  the  percentage  of  ash,  cannot  be  considered  reliable,  these 
two  factors  being  comparatively  insignificant. 

The  most  suitable  basis  for  a  formula  is,  in  the  author's  opinion,  the  fixed 
carbon,  which  has  a  definite  calorific  value,  and  the  volatile  matter,  the  amount 
of  heat  evolved  by  the  latter  during  combustion  being  fairly  regular  for  the  same 
variety  of  coal.     He  therefore  proposes  to  take  : — 

Q  =  8,150  C  +  A  (volatile  matter), 
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wherein  A  is  a  quantity  equivalent  to  13,000,  when  the  proportion  of  volatile 
matters  is  between  2  and  15  per  cent.  ;  10,000  when  between  15  and  30  per  cent.  ; 
9,500  for  30  to  35  per  cent,  and  9,000  for  from  35  to  40  per  cent.  The  results 
calculated  in  this  manner  approximate  closely  to  those  of  direct  determinations 
by  the  Mahler  bomb,  but  for  lignites  and  other  coals  containing  above  35  per  cent, 
of  volatile  matter  they  are  less  accurate,  being  in  excess  of  the  truth.        C.  S. 


CALORIMETER  FOR  DETERMINING  THE  HEATING  VALUE  OF  COALS. 

By  R.  C.  Carpenter,  Professor  at  Sibley  College,  U.S.A.     Transactions  of  the 
American  Society  of  Mechanical  Engineers,  1894-5,  vol.  xvi.,  page  1040. 

During  the  last  year,  a  new  form  of  coal  calorimeter  has  been  in  use  at  Sibley 
College,  U.S.A.,  consisting  of  a  closed  vessel  surrounded  with  water.  Com- 
bustion takes  place  in  the  vessel,  and  instead  of  measuring  the  rise  in  temperature 
of  the  water,  its  increase  in  volume  is  used  to  determine  the  heat  evolved  by  the 
combustion  of  the  coal.  The  combustion-chamber  has  a  removable  bottom,  and 
the  products  of  combustion  are  led  off  through  a  long  spiral  pipe  immersed  in  the 
water.  Compressed  oxygen  is  introduced  into  the  vessel  through  a  pipe  passing 
through  the  plug,  and  the  latter,  as  in  other  calorimeters,  also  carries  a  small  dish 
containing  the  coal  to  be  tested.  The  charge  is  fired  by  electricity,  the  two  wires 
passing  through  the  bottom  of  the  chamber. 

The  novelty  of  the  instrument  consists  in  the  method  used  for  ascertaining  the 
rise  in  temperature  of  the  water,  simply  by  its  increase  in  volume.  The  water 
vessel  communicates  with  an  open  small  glass  tube,  graduated  to  scale,  the  zero 
level  in  which  is  determined  by  an  adjustable  diaphragm.  The  height  to  whicli 
the  water  rises  shows  the  heat  developed  by  the  combustion  of  the  fuel.  The 
instrument  is  so  designed  that  combustion  takes  place  practically  at  a  constant 
pressure  of  2  to  5  lbs. ,  which  has  been  found  in  practice  to  give  the  best  results. 
No  special  appliance  for  stirring  the  water  is  required,  nor  is  it  necessary  to  allow 
for  the  heat  of  the  instrument.  The  scale  for  marking  the  temperature  is 
calibrated  simply  by  burning  different  weights  of  pure  carbon.  For  this  purpose 
coke  free  from  volatile  substances  is  used,  and  allowance  made  for  the  ash 
produced.  A  calibration-curve  is  thus  obtained,  co-ordinating  B.T.U.  and 
weights  of  fuel.     The  original  paper  is  illustrated  by  drawings.  B.  D. 


OUTBURSTS  OF  CARBONIC  ACID  GAS. 

(1)  Un  Coup  cle  Mine  et  de  Gaz.    By  El.    Moniteur  Indtustriel,  1896,  vol.  xxiii., 

page  381. 

At  Rochebelle,  Gard,  France,  as  in  other  collieries  infested  with  carbonic  acid, 
if  there  be  constant  and  general  disengagement,  the  gas  is  also  stored  up  in  large 
quantities,  so  that,  while  normally  energetic  ventilation  can  maintain  a  respirable 
atmosphere,  a  sudden  invasion  of  the  working-places  is  always  to  be  feared,  with  the 
disturbance  due  to  an  escape  of  gas  under  great  pressure.  Everything,  therefore, 
which  procures  for  the  gas  a  large  issue  should  be  carefully  avoided,  so  that  control  be 
never  lost  over  the  ventilation  ;  consequently,  mine  shots  should  never  be  employed 
in  such  a  case,  because,  whatever  be  the  explosive  used,  its  sudden  violence  more 
or  less  shakes  the  surrounding  rock,  nearly  always  causing  fractures  that  may, 
sometimes,  be  deep.     Now,  if  one  of  these  fissures  should  lead  to  a  cavity  filled 
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with  gas,  the  latter  will  escape,  and  all  the  more  rapidly  if  fracture  of  the  rock 
should  permit  of  the  outlet  being  enlarged,  leading  to  the  complete  and  instan- 
taneous invasion  of  the  working-place,  and  perhaps  of  the  whole  district  of  work- 
ings. As  most  outbursts  of  carbonic  acid  have  been  brought  about  by  shot-firing, 
it  would  only  be  logical  to  replace  explosives  by  mechanical  means,  which  are 
largely  used  at  the  Marihaye  and  Ouest  de  Mons  collieries  in  Belgium.  This  repe- 
tition of  cause,  succeeded  by  its  effect,  does  not,  however,  appear  to  drive  its  lesson 
home,  because  the  last  carbonic  acid  outburst  at  Rochebelle  was  also  caused  by 
the  firing  of  a  shot.*  J.   W.  P. 


(2)  CaMstrofe  de  la  Mina  Serafina,  de  Gdceres.     Axon.     Rerista  Afinera, 
Metcdurgica  y  de  Ingenieria,  1896,  vol.  xlvii.,  page  130. 

A  violent  outburst  of  carbonic-acid  gas  took  place  at  this  mine  on  April  3rd,  1896. 
Two  levels  were  being  worked  at  535  and  633  feet  below  the  surface.  A  number 
of  shots  had  just  been  fired,  and  the  men  who  had  been  waiting  for  the  kibble 
to  bring  them  to  bank  had  jtist  given  the  signal  to  be  drawn  up.  When  it  came 
up,  there  were  only  three  men  in  it,  fainting,  and  with  their  lights  otit.  They  said 
that  the  mine  was  full  of  choke-damp,  and  that  their  mates  were  killed  by  it.  A 
foreman  at  once  went  down;  but,  at  a  depth  of  330  feet,  he  encountered  the 
damp,  and  had  to  come  up  again.  As  speedily  as  possible,  650  feet  of  steam 
pipe  were  put  in  position  in  the  shaft,  and  steam  at  60  lbs.  pressure  forced  down. 
This  drove  up  so  heavy  a  column  of  carbonic  acid  gas  that  even  the  lights  at  the 
mouth  of  the  shaft  were  extinguished ;  and  it  was  not  till  April  14th  that  men 
were  able  to  go  down  and  recover  the  last  of  the  bodies  in  the  mine,  four  lives 
having  been  lost  by  the  accident. 

[La  Serafina  is  described  in  the  official  mineral  statistics  of  Spain  as  an  argent- 
iferous lead  mine,  and  has  been  at  work  for  many  years.]  H.   L. 


THE  TRANSPORT  THEORY  OF  COAL  FORMATION. 

Un  Banc  it  troncs-debout  wux  Charhonnages  du  Grand-Bar,  Srlessin,  Liege.  By  the 
Rev.  G.  Schmitz.  Bulletin  de  VAcademie.  Royale  da  Belgiqw,  1896,  rol.  xxxi., 
page  260. 

Partizans  of  the  theory  that  coal  was  formed  from  plants  on  the  spot  where 
the}'  flourished,  instead  of  being  brought  from  a  distance,  have  always  regarded  as 
one  of  their  best  proofs  the  existence  of  upstanding  tree-trunks  in  the  roof  of  coal- 
seams  ;  and,  if  this  be  the  case  with  isolated  stumps,  what  importance  will  not  be 
attached  to  a  large  number  of  petrified  trees  in  positions  as  near  together  as  those 
they  must  have  occupied  when  growing  ? 

In  November,  1S95,  the  author  found  S3  stumps  of  tree-trunks  in  the  roof  of 
the  grande-veine  coal-seam  in  the  Liege  coal-field,  where  the  seam,  highly  inclined 
to  the  south  of  the  Seraing  fault,  is  cut  by  a  level  at  the  depth  of  1,342  feet 
(409  metres).  Although  upstanding  trunks  are  not  rare  in  the  grande-veine, 
their  frequent  occiirrence  at  the  spot  mentioned  was  remarkable.  The  seam 
being  highly  inclined,  the  smooth  and  brilliant  surface  of  the  roof  permitted 
observation  of  the  numerous  circumferences  which  clearly  defined  the  base  of  each 
trunk.  These  petrified  cylindrical  trunks  had  a  carbonaceous  sheath,  sometimes 
0-40  inch  (1  centimetre)  thick,  which  was  nothing  else  than  a  portion  of  the  tree 
turned  into  coal ;  and  under  this  carbonaceous  bark  might  be  observed,  on  most  of 

-  Trans.  Fed.  Inst.,  vol.  v.,  page  564. 
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the  trunks,  the  impressions  of  large  ribs,  which  appeared  to  indicate  that  the  tree 
belonged  to  the  large  Sigillariacece  of  the  coal  period.  The  33  trunks  were  spaced 
over  the  northern  wall  of  the  level,  which  is  Qh  feet  high  by  300  feet  long,  thus 
giving  each  tree  a  mean  space  of  60  square  feet. 

The  presence  of  so  large  a  number  of  upstanding  tree-trunks  appears  at  first 
sight  to  favour  the  idea  of  then-  being,  as  Prof.  Grand'Eury  expresses  it,  in  loco 
natali  ;  but  two  other  eireuinstances  are  absolutely  opposed  to  this  view.  The 
first  is  that  the  stumps  are  cut  off  sharply  at  right-angles  as  they  near  the  coal- 
seam  ;  and  most  of  them  show  a  very  pronounced  splaying-out,  which  is  natural 
to  tree-trunks  near  the  springing  of  their  roots.  The  second  and  more  important 
circumstance  is  that,  notwithstanding  their  slight  thickness,  the  lamella  of  the 
false  roof  contain  very  varied  prints,  including  those  of  numerous  stalks  of 
Lycopodinacece  and  Equisetinacece,  flattened  and  in  a  horizontal  position  More- 
over, among  these  stalks,  four  adhere  directly  to  the  bases  of  four  of  the 
tree-trunks,  and  this  so  closely  that  their  impressions  pass  like  a  secant  across 
the  base  of  the  cylindrical  trunk.  The  impression,  well-defined  both  sides  on  the 
underlying  and  overlying  rocks,  is  equally  well  defined  on  the  very  base  of  the 
trunk.  It  is,  therefore,  impossible  to  assert  that  these  stumps  occur  in  the  place 
where  they  grew,  and  that  they  thrust  forth  their  roots  notwithstanding  the 
stalks  adhering  to  the  surface  of  their  cut-off  base.  Moreover,  if  this  conclusion 
forces  itself  on  the  observer  as  regards  these  four  trunks,  it  must  also  hold  good 
for  their  29  neighbours,  which  evidently  owe  their  conservation  to  the  same 
causes.  The  case  here  related  can  only  be  explained  by  the  transport  theory, 
the  plants  and  sediments  having  either  been  transported  in  a  mass ;  or  a  remark- 
able chance  must  have  brought  together  these  33  standing  trunks  from  their 
various  habitats,  through  the  agency  of  some  mighty  river.  J.  W.  P. 


THE  FUSIBILITY  AND  COMPOSITION  OF  COAL-ASH. 

Recherches  sur  les  Relations  existant  entre  le  Degre  de  Fusibility  et  la  Composition 
des  Cendres  de  Houille.  By  Ettgexe  Prost.  Revue  Universelle  des  Mints, 
etc.,  1895,  vol.  xxxi.,  page  87. 

The  mineral  constituents  of  coal  are  due  to  (1)  the  mineral  substances  forming 
part  of  the  plants  transformed  into  coal ;  (2)  the  mineral  matters  deposited  at  the 
same  time  as  these  plants ;  and  (3)  infiltrations  into  the  coal-seams.  But  it  is 
evident  that  all  these  substances  are  not  found  in  their  entirety,  and  without 
transformation,  in  the  ash  left  by  combustion.  During  incineration  some  mineral 
constituents  are  volatilized,  and  others  decomposed  or  partially  oxidized,  while 
new  combinations  may  be  formed. 

According  to  Dr.  Muck*,  coal-ash  contains,  or  may  contain,  free  silica,  free 
oxides  of  iron  and  manganese,  alumina,  lime,  magnesia,  alkalies — the  last  five  in  the 
state  of  silicates — the  sulphates  of  iron,  lime  and  baryta,  carbonate  of  lime,  carbon- 
ate of  magnesia,  the  phosphates  of  iron  and  lime,  sulphides  of  iron  and  lime,  oxide 
of  copper  and  titanic  acid,  of  which  the  most  important,  as  regards  their  action  on 
the  fusibility  of  ash,  are  evidently  those  present  in  tolerably  large  proportion,  viz., 
silica,  iron  oxide,  alumina,  lime,  magnesia,  and  the  alkalies. 

Most  analyses  of  fuels  are  limited  to  the  determination  of  humidity,  volatile 
matters,  yield  in  coke,  sulphur,  and  ash-contents  ;  and  by  means  of  these  data,  to 
which  is  sometimes  added  the  more  or  less  correct  determination  of  the  calorific 

*  trier  Steinkohlenasche,  1878,  page  4. 
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power,  an  attempt  is  made  to  designate  the  most  appropriate  use  for  a  given  coal. 
The  composition  of  the  ash  is  rarely  taken  into  account  ;  and  yet  this  is  of  the 
greatest  importance,  because  on  the  composition  of  the  ash  depends  its  degree  of 
fusibility.  A  given  coal,  of  theoretically  higher  calorific  power  than  another,  may 
give  bad  results  in  actual  use,  simply  because  its  ash,  too  fusible  for  the  tempera- 
ture to  which  it  has  to  be  subjected,  will  obstruct  the  grate,  interfere  with  the 
draught,  and  therefore  render  the  combustion  irregular. 

The  author  has  had  occasion  to  examine  and  compare  various  samples  of  patent 
fuel  which,  although  their  ash  content  and  calorific  power  differed  but  slightly, 
gave,  some  good  and  others  bad  results,  when  burnt  on  the  fire-grates  of  boilers. 
His  investigations  on  the  relation  between  the  fusibility  and  the  composition  of  an 
ash  bore  upon  twenty-three  samples  of  coal  and  briquettes  from  the  Liege  and 
Charleroi  districts  of  Belgium  ;  and  a  description  is  given  of  the  manner  in  which 
the  tests  were  made,  together  with  the  ultimate  chemical  composition  of  the  ash  of 
each  sample.     The  author's  conclusions  are  as  follow  : — 

The  ashes  examined  are,  after  fusion,  multiple  silicates,  essentially  formed  of 
alumina  silicate,  and  subsidiarily  of  iron,  lime,  magnesia,  and  alkaline  silicates. 

The  degree  of  fusibility  chiefly  depends  on  the  ratio  between  the  alumina  and 
the  silica  on  the  one  hand,  and  that  of  the  other  bases  to  alumina  on  the  other.  It 
diminishes  when  the  alumina  content  increases,  the  content  of  bases  diminishing  ; 
and  conversely  it  increases  when,  for  the  same  silica  content,  the  bases  increase  in 
proportion  to  the  alumina,  at  any  rate  up  to  a  certain  limit. 

The  least  fusible  ashes  are  those  in  which  the  alumina  content  is  from  32  to  34 
per  cent.,  and  that  of  silica  from  46  to  50  per  cent. 

The  increase  of  fusibility  is  more  marked  with  a  diminution  of  the  alumina 
content  than  with  an  increase  in  the  content  of  other  bases,  the  proportion  of  silica 
remaining  the  same. 

Oxide  of  iron  exerts  greater  influence  than  lime  on  the  degree  of  fusibility. 

The  fusing  action  of  iron  oxide,  lime  and  magnesia  only  increases  up  to  a  certain 
limit  ;  and  when  their  proportion  is  too  great,  although  infusible  themselves,  they 
act  in  the  same  manner  as  an  increase  in  alumina  content,  i.e.,  they  diminish  the 
fusibility  of  the  ash.  J.  W.  P. 


ANTHRACITE  IN  THE  PERMIAN  ROCKS  OF  BOHEMIA,  AUSTRIA. 

Die  Avthracitfuhrende  Perrrtcfolagerung  bti  Budweis  in  Bohmen.  By  Dr.  Fr. 
Katzer.  Oesterreichische  Zeitschrift  fur  Berg-  und  Hiitten  Wesen,  1895,  vol. 
xliii.,  pagt  s  15  and  31. 

There  are  two  deposits  of  anthracite  in  the  Permian  system  of  Bohemia,  one 
near  Brandau  in  the  Erzgebirge,  the  other  in  Southern  Bohemia,  near  Budweis. 
The  latter  is  the  more  important,  but  although  its  existence  has  been  known  for 
centuries,  it  has  only  recently  been  worked.  The  coal-bearing  formation  is  5£ 
miles  long  by  about  2  miles  broad,  and  extends  over  an  area  of  5 "8  square  miles. 
It  is  surrounded  by  Archaean,  and  covered  by  Tertiary  rocks.  The  Permian  rocks 
in  which  the  anthracite  is  embedded  are  divided  by  it  into  two  formations,  upper 
and  lower,  and  are  said  to  extend  for  some  distance  under  the  town  of  Budweis. 
The  lower  Permian  strata,  consisting  of  conglomerate,  arkose,  and  sandstone,  are  best 
studied  in  the  southern  part  of  the  district,  where  there  are  quarries,  now  disused, 
from  which  stone  was  formerly  obtained  for  building.  Where  the  rocks  are  thus 
exposed,  the  strata  are  not  clearly  defined,  and  the  conglomerate  appears  to  be 
irregularly  intercalated  in  the  sandstone.     The  latter  is  composed  of  fine  quartz, 
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pebbles,  felspar,  and  ferruginous  sandstone.  The  arkose  contains  much  mica, 
chiefly  muscovite,  which,  with  the  felspar,  gives  it  a  granitic  appearance.  The  same 
formation  is  found  in  the  hills  to  the  south-east  of  the  mine.  The  sandstone  here 
is  rich  in  quartz  and  poor  in  felspar  ;  it  is  coloured  green  by  chlorite,  and  cemented 
with  kaolin.  It  seems  at  first  sight  as  if  these  sandstone-rocks,  with  alternate 
layers  of  conglomerate,  formed  the  roof  of  the  whole  Budweis  Permian  system,  but 
as  they  do  not  occur  elsewhere  their  presence  here  is  probably  due  to  a  fault  and 
upheaval. 

The  upper  division  of  the  Budweis  strata  consists  of  the  anthracite  coal-seam, 
and  above  it  of  irregular  layers  of  red  and  grey  sandstone,  rich  in  mica,  sandstone, 
schist,  and  clay-slate  containing  fossils.  In  some  places  these  rocks  lie  directly 
over  the  arkose  and  lower  sandstone,  and  follow  the  line  of  outcrop  of  the  coal. 
The  sandstone  forming  the  roof  of  the  workings  is  so  firm  that  no  wood  is  required 
to  support  them.  This  upper  coal-bearing  stratum  is  found  at  a  depth  of  about  260 
feet,  and  is  60  feet  thick,  the  seam  of  anthracite  being  in  one  place  3i  feet  thick. 
Above,  approaching  to  within  7  feet  of  the  surface,  are  clay-slate  and  soft  sand- 
stone. A  bore-hole  passed  through  firm  sandstone,  clay-slate,  and  schist,  and  marl 
at  a  depth  of  111  feet.  Calcareous  marl  containing  fish-scales  was  also  found  else- 
where in  the  roof  of  the  seam.  A  little  lower,  at  about  120  feet,  clay-slate  streaked 
with  coal  was  reached. 

It  is  the  seam  of  anthracite  which  forms  the  most  important  and  regular  layer 
of  this  Permian  system.  The  mine  was  discovered  in  1560,  but  never  opened  out, 
because  there  was  no  market  for  the  coal.  At  present  only  one  shaft  is  worked, 
with  galleries  east  and  west,  at  intervals  of  about  50  feet.  The  coal  stratum  has  a 
dip  of  about  30  degs. ,  with  one  large  fault,  and  is  chiefly  pure  anthracite,  with 
occasional  mixture  of  clay-slate,  and  streaks  of  pyrites,  containing  silver  ;  traces  of 
this  metal  have  been  found  in  the  ashes.  A  second  shaft  has  been  abandoned, 
because  the  workings  approached  an  ammunition  depot.  Both  shafts  showed  that 
the  coal  was  contained  in  a  single  seam,  and  not  in  two  beds.  The  mine  is  very 
dry,  water  being  seldom  found,  and  pumping  is  only  necessary  at  intervals. 

The  quality  of  the  anthracite  is  excellent.  It  is  almost  pure  throughout,  with 
a  metallic  lustre  and  conchoidal  fracUire,  varies  in  hardness,  and  its  density  at 
19  degs.  Cent,  is  about  1*5.  Its  chemical  composition  is  not  uniform.  One 
sample  gave  89  per  cent,  carbon,  3  per  cent,  hydrogen,  2  per  cent,  oxygen  and 
nitrogen,  and  small  percentages  of  sulphur,  water,  and  ash,  but  the  heating  value 
and  quantity  of  ash  vary  with  the  position  in  the  seam  of  the  sample  tested.  The 
percentage  of  ash  is  from  2*8  to  17'2,  and  heating  value  from  14,640  to  12,780 
British  thermal  units. 

Notwithstanding  the  differences  of  composition,  the  Budweis  coal  might  be 
worked  to  much  advantage,  if  the  bed  were  more  advantageously  situated.  The 
general  lie  of  the  strata  is  trough-shaped,  the  layers  at  both  ends  being  flattened, 
but  they  are  much  disturbed,  and  sometimes  so  fissured  that  the  stratification  is 
quite  obliterated.  Here  and  there  the  Lower  Permian  formation  comes  to  the 
surface,  giving  evidence  of  violent  upheaval,  and  of  an  overlap  fault  running 
through  the  whole  system,  causing  the  older  to  overlie  the  later  rocks.  The 
northern  part  of  the  bed  forms  a  fairly  regular  depression,  having  the  main  fault 
at  the  bottom.  The  seam  of  anthracite  has  only  been  traced  on  the  western  side  of 
this  depression,  but  it  is  probably  continued  to  the  east ;  elsewhere  the  formation 
is  very  irregular. 

The  mine  lies  high,  and  some  of  the  workings  are  1,360  feet  above  sea-level. 
The  seam  of  anthracite  scarcely  ever  follows  a  regular  course,  but  crops  up  un- 
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expeetedly  in  many  places,  doubtless  as  the  result  of  a  series  of  faults.  For  this 
reason  the  author  considers  that  the  workings  should  not  be  extended  in  the 
southern  part  of  the  mine,  as  owing  to  these  frequent  faults  the  coal-bearing 
formation  is  much  dislocated  and  interspersed  with  sterile  sections. 

The  tilting  up  of  the  strata  is  due  to  the  upheaving  forces  at  work  throughout 
Bohemia  in  post-Permian  times.  Strong  pressure  was  exerted  in  a  south-easterly 
direction,  crushing  together  the  masses  of  gneiss,  wedging  the  Permian  rocks 
between  them,  and  thus  producing  the  great  fault  which  runs  across  these  moun- 
tains. Parallel  with  it  is  a  whole  system  of  fissures,  and  there  are  also  cross 
fissures,  caused  partly  by  pressure  and  partly  by  folds.  The  effect  is  shown  in 
the  metamorphosis  of  the  rocks,  especially  those  containing  fossil  plants,  and  in 
the  anthracite  itself.  It  is  strange  that  where  so  much  disturbance  has  taken 
place  the  remains  of  plant  life  should  be  so  well  preserved. 

It  was  proposed  some  years  ago  to  bore  1,000  feet  beyond  the  southern 
boundary  of  the  mine.  If  anthracite  were  found  here  it  would  show  a  sub-Tertiary 
extension  of  the  Permian  system.  Tertiary  rocks  have,  it  is  true,  been  discovered 
resting  on  the  Permian,  and  were  in  one  place  traversed  to  a  depth  of  129  feet 
before  the  Permian  were  reached,  but  no  coal  rewarded  the  search.  The  presence 
of  gneiss  rocks  close  by  proved  that  the  Permian  had  been  placed  by  a  fault  in 
juxtaposition  with  the  Archaean  system.  B.  D. 


THE  SOUTHERN  PORTION  OF  THE  VALENCIENNES  COAL-FIELD, 

FRANCE. 

Note,  sur  la  Constitution  duMidi  du  Bassin  houiller  de  Valenciennes.    By  —  Chapuy. 
Annates  des  Mines,  1895,  vol.  viii.,  page  192. 

The  paper  that  appeared  in  the  Annates  des  Mines,*  by  Prof.  Bertrand,  has 
draw  n  attention  to  the  southern  portion  of  the  Valenciennes  coal-field,  by  holding 
out  the  idea  of  the  possible  existence,  to  the  south  of  the  Anzin,  Douchy,  Azincourt, 
and  Aniche  collieries,  of  a  band  of  Coal-measures,  the  width  of  which  may  attain 
about  3  miles,  covered  over  by  more  ancient  rocks.  After  examining  the  informa- 
tion afforded  by  the  various  bore-holes  and  mine-workings  since  the  publication  in 
1886  of  a  work  on  the  Valenciennes  coal-field,  by  Mr.  Olry,  the  author  arrived  at 
the  following  conclusions:  — 

The  strike  of  the  coal-seams  in  the  Douai  division  of  the  Aniche  colliery,  and  in 
Nos.  3,  4,  and  5  pits  of  the  Escarpelle  colliery,  with  which  the  former  correspond, 
and  the  characteristics  of  the  distiu'bances  which  affect  them,  appear  to  show  that 
the  seams  in  the  Aniche  colliery  to  the  south  of  the  disturbed  zone,  which  must 
have  really  caused  a  comparative  downthrow  of  the  southern  portion  of  the  basin, 
constitute  one  and  the  same  group  of  seams,  occupying  the  site  where  they  were 
deposited,  and  that  they  must  in  no  way  be  regarded  as  forming  part  of  an  over- 
thrust  fault. 

To  the  west  of  the  Aniche  colliery,  in  that  of  Escarpelle,  and  beyond  it  in  the 
Pas-de-Calais,  a  series  of  similar  disturbances  are  found  ;  and  the  existence  of  these 
large  faults,  marking  out  the  basin  longitudinally  about  its  middle,  and  causing 
a  relative  downthrow  of  the  southern  portion,  must  be  regarded  as  following  a 
general  law  in  the  Nord  and  Pas-de-Calais  coal-fields.  Too  great  importance  must 
not  be  attached  to  the  absence,  in  the  south  of  the  basin  as  actually  proved,  of 
groups  of  semi-bituminous  and  non-bituminous  seams,  seeing  that  it  appears  to 

*  1894.  vol.  v.,  page  569. 
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follow,  from  the  facts  ascertained  up  to  the  present  time,  that  the  deposits  of 
bituminous  coal  rest  to  the  south  directly  on  the  bottom  of  the  basin,  inde- 
pen  lently  of  any  hypothesis  as  to  the  constitution  of  its  northern  edge. 

At  the  other  end  of  the  northern  basin,  on  the  Belgian  side,  the  workings  of 
the  Crespin  colliery  show  that  the  Coal-measures  really  exist  under  a  covering 
«  inch  must  extend  for  a  certain  distance  to  the  south  of  the  Quievrechain 
shaft.  It  may  lie  foreseen  that  bituminous  coal-seams,  corresponding  with  those 
existing  in  the  Mons  basin,  and  in  the  various  concessions  on  the  south  of  the 
Valenciennes  coal-field,  will  be  met  with  below  the  flaming  coals  worked  in  the 
Crespin  colliery.  On  the  other  hand,  it  is  scarcely  probable  that  semi-bituminous 
and  non-bituminous  coal-seams  will  be  found  below  those  of  bituminous  coal.  As 
to  the  absence  in  the  Valenciennes  coal-field  of  the  seams  found  in  Belgium  above 
the  Long-Terne  series,  that  is  explained  by  the  hypothesis  that  they  did  not 
extend  so  far,  or  that  they  were  washed  away  by  erosion. 

In  conclusion,  these  various  considerations  lead  to  the  belief  that  the  covering 
over  of  the  Coal-measures  by  a  mass  of  ancient  rocks  only  exists,  so  far  as  the 
Nord  coal-field  is  concerned,  in  a  region  near  the  Belgian  frontier,  and  that,  in  the 
greater  portion  of  the  basin,  the  southern  edges  in  the  state  left  by  the  successive 
erosions,  is  simply  folded  so  as  to  dip  towards  the  south.  J.  W.  P. 


GEOLOGY   OF   THE   BAYER    SHAFT    AND    ADJACENT    PORTION    OF 
THE  PILSEN  COAL-BASIN,  BOHEMIA. 

Die  geolojiichen  Verlialtnisse  des  Bayzr-Sdiarfite*  und  des  benachbarten  Theiles 
der  Pilsener  Kohlenmidde.  By  K.  A.  Weithofer.  Oesterreichische 
Zeitschrifl  fur  Berg-  und  HiUtenicesen,  1896,  vol.  xliv.,  pages  317,  331,  345,  and 
355,  with  plates. 

Previous  to  the  sinking  of  the  Bayer  shaft,  only  the  outer  fringe  of  the 
Pilsen  coal-field  had  been  tested,  so  that  only  the  lower  formations  were  penetrated. 
In  the  present  case,  the  upper  formations  were  traversed  by  the  shaft,  and  were 
found  to  consist  of  an  upper  layer  of  dark  bluish-grey  shales  about  600  feet  in 
depth,  enclosing  a  few  beds  of  sandstone,  and  containing  near  the  base  an  im- 
portant coal-seam  about  5  feet  thick.  The  last  150  to  "200  feet  of  this  formation 
was  much  disturbed,  the  rock  being  pulverized  b}'  reason  of  an  extensive  fault. 
Below  this  again,  the  shaft  passes  through  solid  sandstone,  with  a  few  thin  beds 
of  shale,  down  to  the  bottom  rock,  which  is  encountered  at  a  depth  of  1,367  feet. 
From  borings  made  in  the  vicinity  of  the  shaft  it  would  appear  that  a  number  of 
dislocations  of  the  strata  have  taken  place,  since  the  bottom  rock  is  between  2,000 
and  2,300  feet  below  the  surface  on  the  eastern  side,  but  rises  suddenly  to  about 
half  that  depth  a  little  further  away,  the  cover  rock  there  consisting  solely  of 
the  grey  sandstone.  To  the  west  of  the  shaft  the  surface-rock  consists  of  red 
shales  from  250  to  400  feet  in  depth  (which  also  occur  with  red  sandstones  above 
the  grey  sandstone  in  the  borings  next  the  shaft  on  the  eastern  side)  resting  on  some 
920  feet  of  sandstone  strata,  near  the  bottom  of  which  occur  the  two  or  three  coal- 
seams  that  are  worked  throughout  the  district.  Another  boring  to  the  south-east 
displays  the  most  complete  stratigraphical  section  of  the  district,  the  grey  shale 
being  covered  by  a  second  (upper)  series  of  red  sandstone. 

The  examination  of  the  district  was  rendered  difficult  by  the  presence  of  con- 
siderable tracts  of  woodland  and  the  obscuration  of  outcrops  by  the  surface-soil, 
often  of  great  depth,  but  in  general  the  same  four  series  seem  to  prevail. 
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The  fundamental  rock  consists  of  Archaean  phyllites,  grey,  red  or  green  in  colour, 
and  forms  the  southern  boundary  of  the  field,  the  previous  assumption  that 
granite  formed  the  boundary  between  Chotieschau  and  Tuschkau  being  incorrect. 
From  the  metamorphosed  condition  of  the  contiguous  granite  and  shale  exposed 
near  Hradzen  it  is  evident  that  the  granite  is  the  younger  of  the  two.  In  the 
Austria  shaft,  a  mass  of  diorite  is  encountered,  which,  from  the  manner  of  the 
deposition  of  the  superincumbent  coal-seams,  must  have  been  in  position  when  the 
coal  was  formed,  and  from  its  shape  must  be  regarded  as  a  siu'face-deposit,  and  not 
as  intrusive.  It  contains  a  workable  vein  of  blende,  lead  glance,  and  calcite, 
running  in  a  north-westerly  direction. 

The  surface  of  the  bottom  rock  is  diversified,  and  the  coal  is  for  the  most  part 
deposited  in  the  hollows,  only  the  highest  seams  passing  over  the  ridges  without 
interruption. 

The  light  grey  sandstone  resting  on  the  phyllite  and  below  the  coal  is  of  very 
variable  magnitude,  sometimes  being  almost  nil,  and  at  others  {e.g.,  in  a  boring 
east  of  the  Bayer  shaft)  attaining  a  thickness  of  426  feet.  In  places  it  is 
interspersed  with  shales.  The  overlying  coal-seams  also  vary  in  thickness  and 
distance  apart.  The  three  chief  centres  of  working  are  (1)  between  Littitz 
and  Lihn  on  the  east  of  the  basin,  (2)  around  Alontau  on  the  southern  border,  and 
(3)  from  Niirschau  to  the  western  limit  of  the  field.  Above  the  coal  is  a  series  of 
pale  grey  sandstones,  decreasing  in  thickness  from  1,100  to  1,150  feet  near  Lihn, 
down  to  330  feet  and  less  a  little  south  of  Neudorf.  The  sand  is  cemented  with 
kaolin,  and  contains  in  places  thin  layers  of  grey  shale,  interspersed  with  narrow 
bands  of  coal.  The  total  thickness  of  the  sandstone  series  ranges  from  1,500  to 
1,600  feet  near  the  Hilf  shaft  (Lihn)  to  459  feet  near  Dobrzan,  increasing  again  in 
the  south  and  to  the  west  of  the  Bayer  shaft  to  between  1,000  and  1,400 
feet. 

The  lower  red  shale  group  is  of  much  smaller  dimensions  than  the  preceding 
series,  varying  from  130  to  650  feet.  It  appears  on  the  surface  as  a  narrow  strip 
running  north  and  south  from  the  Hilf  shaft,  past  Dobrzan,  and  in  another  strip, 
about  2,600  feet  in  width,  between  two  large  faults  to  the  west  of  the  Bayer  shaft, 
running  thence  northward  into  the  Duborz  forest.  A  third  outcrop  lies  in  an  east 
and  west  direction  to  the  north  of  Choteschau,  the  eastern  extremity  being 
continued  into  the  same  forest,  and  a  fourth  covers  a  wide  space  between  Auherzen 
and  Zwug,  narrowing  to  the  westward  by  Horikowitz,  and,  after  trending  to  the 
north,  turns  westward  again  near  Pieheischen,  the  bend  being  due  to  a  wide  flat 
ridge  sloping  away  towards  the  south  of  the  Ziegler  and  Humboldt  shafts.  It  is 
uncertain  whether  another  belt  of  similar  shale  running  east  and  west  between 
Niirschau  and  Weipernitz  belongs  to  this  group  or  the  upper  series  of  shale,  the 
evidence  obtained  from  different  borings  being  contradictory. 

The  surface  rock  at  the  Bayer  shaft  belongs  to  the  fourth  group,  a  series  of 
dark  grey  shales,  here  650  feet  thick  and  containing  coal-seams  near  the  base 
as  well  as  at  a  somewhat  higher  level,  the  coal  of  the  latter  layers  being,  however, 
of  poor  quality.  The  formation  also  extended  superficially  to  the  north  of  Stich 
and  Wasseraujezd,  undergoing  a  modification  beyond  the  latter  village  into  highly 
kaolinic  sandstone,  and  being  worked  in  several  places  for  its  kaolin.  A  number 
of  Ancarites  are  found  in  this  series,  and  a  considerable  variety  of  fossils  were 
obtained  from  the  several  beds  during  the  sinking  of  the  Bayer  shaft. 

The  outcrop  narrows  between  Lihn  and  the  Clara  shaft,  but  widens  out  again 
in  a  westerly  direction  further  north.  To  the  west  it  is  covered  by  the  upper  red 
shale  group,  which  increases  in  thickness  from  the  line  of  contact.     In  the  western 
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halt  of  the  Held  it  occupies  the  centre  of  the  basin,  and  a  small  outcrop  of  the 
kaoliiiic  sandstone  is  worked  for  kaolin  in  the  extreme  south-eastern  corner  of  the 
field. 

The  highest  formation,  that  of  the  upper  red  shale,  is  darker  in  colour  than  the 
lower  red  series,  and  crops  out  largely  around  Lilm  and  Rothaujezd,  where  it 
overlies  the  gray  shale  and  kaolinic  sandstone,  attaining  a  thickness  of  some  460 
feet  in  its  western  portion.  It  also  appears  as  a  small  patch  (covered  by 
alluvium)  south  of  the  Bayer  shaft,  on  the  edge  of  the  basin. 

The  Held  is  divided  into  two  main  groups  by  a  considerable  dislocation, 
ext ending  in  a  north-and-south  direction  eastward  of  Niirschau,  Auherzen,  and 
Zwug,  ami  terminating  at  the  southern  rim  of  the  basin,  a  little  to  the  west  of 
Lake  Kastel. 

The  strata  in  the  eastern  half  have  a  north-and-south  strike,  and  dip  to  the 
west,  the  fundamental  rock  sloping  gradually  from  the  eastern  edge,  and  the  other 
strata  resting,  as  a  whole,  concordantly  upon  it.  In  detail,  however,  the 
conformity  is  irregular,  and  a  number  of  faults,  some  of  them  of  considerable 
extent,  are  met  with. 

The  western  section  is  of  more  regular  conformation,  and  forms  a  synclinal 
running  east  and  west,  the  basin  being  symmetrical  between  Lossin  and  the 
Humboldt  and  Lazarus  shafts.  To  the  west  of  Choteschau  the  lower  series  no 
longer  crop  out,  the  upper  groups  successively  running  into  the  projecting  edge  of 
the  phyllite. 

The  south-eastern  part  of  this  section  is  traversed  by  several  post-Palaeozoic 
faults,  some  of  them  having  a  throw  of  2,300  feet,  and  cutting  through  the  coal 
deposits. 

Concerning  the  age  of  the  coal-seams  in  the  grey  sandstone,  the  author  is  of 
opinion  that  their  stratigraphical  position  and  characteristics  indicate  their  origin 
in  the  early  period  of  the  deposition  of  the  Carboniferous  formation,  and  that  they 
should  not  be  divided,  as  some  authorities  have  asserted,  between  the  Car- 
boniferous and  Permian  systems.  At  Niirschau,  the  lowest  seam  is  of  black  coal, 
and  is  covered  by  sandstone  and  shale,  on  which  rests  a  seam  of  cannel  covered  by 
650  to  800  feet  of  grey  sandstone.  To  the  south  this  cannel  runs  out,  and  the 
black  coal  becomes  thinner.  In  the  Austria  shaft,  near  Mantau,  there  are  only 
two  workable  seams,  and  the  coal  here  lies  mostly  in  the  troughs  formed  by  the 
undulations  of  the  fundamental  rock  :  the  lower  seam  has  a  thickness  of  about 
64  feet,  and  extends  to  the  edge  of  the  basin,  but  the  upper  one  runs  oitt  earlier. 
The  latter  is  of  good  quality,  the  lower  coal  being  ashy  and  inclined  to  be  slaty. 
Borings  in  the  centre  of  the  basin  have  revealed  workable  seams  corresponding  to 
those  of  the  Austria  shaft,  and  the  same  conditions  are  met  with  near  the  Bayer 
shaft. 

In  the  Littitz-Lihn  district,  the  main  coal-seam,  6  to  8  feet  thick,  becomes 
slaty  towards  the  centre  of  the  basin,  and  finally  disappears,  but  on  the  east,  at 
the  Sulkow  pit  and  beyond,  it  yields  a  good  coal.  Above  the  main  coal-seam  at 
the  Maria  and  Matilda  shafts  are  four  upper  seams  of  2i  feet,  1  to  2^  feet, 
1  to  1^  feet,  and  1  to  2|  feet  in  thickness  respectively.  The  main  coal-seam 
runs  out  on  the  west,  the  next  seam  disappears  at  a  short  distance,  and  the  upper 
three  coalesce  to  form  two  at  the  Sulkow  shaft,  afterwards  uniting  to  one  at  the 
Hilf  shaft. 

The  upper  layers  of  coal,  in  the  dark  grey  shale  overlying  the  lower  red  shale, 
though  widespread,  only  occur  in  workable  cpiantity  to  the  east  and  south-east  of 
the  Bayer  shaft,  where  the  thickness  of  the  three  seams  reaches  from  5  to  6  feet. 
None  of  them,  however,  is  of  any  extent,  all  quickly  running  out.  C.  S. 
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THE  DONETZ  COAL-FIELD,  RUSSIA. 

(1)  Lt  bassin  du   Donetz.     By  Petau   de   Maulette.     Bulletin  >/■   la  Socitte  dt 
VIndustrii  Minirale,  1894,  vol.  viii.,  page  869. 

The  author  brought  back  from  the  Donetz  coal-field  specimens  of  anthracite, 
very  curious,  from  a  mineralogical  point  of  view,  on  account  of  the  quartz  filaments 
which  traverse  it  in  an  always  identical  direction,  corresponding  with  that  of  a 
fault  with  respect  to  the  seam.  As  in  this  field  the  coal  is  generally  bituminous, 
he  explains  the  anthracitous  nature  of  that  in  question  by  the  faults  themselves, 
and  also  by  the  geogenic  movements  that  have  distributed  the  coal  in  sub-basins, 
separated  by  sterile  bands,  which  have  a  distinctly  geometrical  relation  to  one 
another.  J.   W.  P. 


(2)  L'Industrie  charlonnierz  tt  sid&rurgiqiu  dt  la  Russit  Me'ridi*  node.  By  Paul 
Trasexster.  Annuaire  del' Association  des  Ingenieurs  dt  Li4ge,  1896,  vol.  i.e., 
•page  125,  and  Plates  VII. -XI. 

The  Donetz  coal-field,  the  largest  in  Europe,  extends  over  an  area  of  about 
11,532  square  miles,  being  twenty-two  times  as  large  as  the  Belgian  coal-field,  and 
larger  than  all  the  British  coal-fields  together.  Only  a  small  portion  of  its  southern 
edge  reposes  on  the  ancient  rocks  ;  but,  for  the  rest  of  the  surface  the  Coal-measures, 
dip  under  more  recent  rocks — Permian  on  the  north-west,  Cretaceous  and  Tertiary 
towards  the  river  Donetz,  the  Dnieper,  and  the  Sea  of  Azov.  A  few  Carboniferous 
islands,  in  some  of  which  working  has  been  attempted,  emerge  from  the  Tertiary 
towards  the  east  and  also  towards  the  west,  showing  that  the  coal-formation  ex- 
tends far  beyond  the  limits  of  the  main  basin. 

The  Coal-measure  zone  is  a  region  of  high  plateaux  furrowed  by  streams,  which 
flow  towards  the  north  into  the  river  Donetz,  and  towards  the  south  into  the  Sea 
of  Azov.  The  railways  generally  follow  the  crest,  which  is  but  slightly  undulated, 
thus  saving  the  necessity  of  crossing  ravines.  There  are  no  large  towns,  Jusovo, 
Jusovka,  Bashmut,  Lissichansk,  and  Lugansk  being  the  most  populous  places, 
while  the  nearest  towns  of  importance  are  Rostov,  at  the  mouth  of  the  river  Don, 
Ekaterinoslav,  on  the  river  Dnieper,  and  Kharkov  on  the  north,  near  the  source  of 
the  river  Donetz;  and  the  neighbouring  ports  are  Taganrog,  Mariupol,  on  the 
Sea  of  Azov,  and  Novo-Cherkask,  the  capital  of  the  Don  Kossacks. 

Recent  explorations  have  shown  that  there  are  two  horizons,  or  groups  of  seams, 
in  the  Donetz,  as  in  other  European  coal-fields.  The  Lower  Carboniferous,  almost 
sterile,  forms  the  southern  edge,  from  which  is  detached  a  parallel  band  extending 
between  Volintsevo  and  Suline-Grushevka,  corresponding  with  a  synclinal  of 
upheaval.  The  remainder  of  the  basin  belongs  to  the  Upper  Carboniferous  series, 
containing  coal ;  and,  according  to  Prof.  Grand'  Eury,  it  corresponds  with  the 
Middle  Zone  of  the  second  phase  of  the  Permo-Carboniferous  period,  thus  showing 
the  coal  of  the  Donetz  to  be  contemporaneous  with  that  of  the  Franco-Belgian 
coal-field.  The  Coal-measures  are  naturally  divided  into  two  distinct  portions, 
geologically  identical,  but  very  different  as  regards  the  quality  of  their  coal-seams. 
The  eastern  portion,  which  comprises  about  two-thirds  of  the  coal-field,  only  yields 
anthracite  or  anthracitous  coals. 

It  is  here,  on  the  Voroneje-Rostov  railway  line,  that  working  first  attained  any 
importance.  Up  to  1875,  the  production  of  anthracite  exceeded  that  of  coal ;  but 
now  the  Donetz  coal-field  produces  nearly  five  times  as  much  bituminous  coal  as  it 
does  anthracite.     The  principal  centres  of  anthracite  working  are  Grushevka,  only 
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47^  miles  from  Rostov  and  Suline,  the  site  of  the  Pastushov  ironworks.  The  Gru- 
shevka  anthracite  only  contains  from  2  to  5  per  cent,  of  volatile  matter,  the  same 
proportion  of  ash,  and  from  0-6  to  2  per  cent,  of  sulphur,  occurring  in  seams  about 

3  feet  thick.  Increase  of  anthracite-consumption  is  hindered  on  the  west  by  the 
competition  of  bituminous  coal,  ami  on  the  south  and  east  by  that  of  petroleum. 

In  the  other  portion  of  the  coal-field,  yielding  coals  of  every  description,  the 
seams  are  much  disturbed.  On  the  southern  side  of  the  coal-iield  one  finds  a  region 
of  large  and  approximately  horizontal  seams  dipping  to  the  north,  bearing  east 
and  west,  and  extending  nearly  to  Ambrosievka  in  the  anthracite  region. 

After  a  double  undulation,  the  outcrops  of  the  seams  re-enter  the  Coal-measure 
zone  near  Volintsevo,  where  they  are  much  inclined  to  the  south-east ;  and, 
dipping  sharply  to  the  north,  they  surround,  to  a  certain  extent,  the  Permian  gulf 
of  Bashmut  and  the  Carboniferous  peninsula  of  Lissitchansk,  where  a  much  dis- 
turbed synclinal  occurs,  after  which  the  seams  again  dip  under  the  Cretaceous  and 
Tertiary  measures,  watered  by  the  river  Donetz.  The  eastern  portion  of  the  coal- 
formation  is  constituted  by  three  basins,  according  to  Messrs.  Nossov,  who  put  the 
number  of  workable  seams  at  forty-four,  together  measuring  120  feet  of  coal ;  but 
it  is  probable  that  there  are  only  twenty  really  workable  seams. 

If  the  Donetz  coal-field  be  very  extensive,  it  is  less  rich  than  those  of  Western 
Europe  as  regards  the  number  and  distance  apart  of  the  seams  and  coal  thickness, 
thus  resembling  the  American  coal-fields.  In  the  Donetz,  the  coal  thickness  appears 
not  to  exceed  1  per  cent,  of  the  measures,  against  3  "2  per  cent,   in  Belgium  and 

4  per  cent,  in  Westphalia,  with  a  mean  distance  between  the  seams  of  little  less 
than  330  feet  in  the  Donetz,  against  100  feet  in  the  Ruhr  and  Belgian  coal-fields  ; 
but  there  are  some  richer  groups,  while  it  is  not  rare  to  meet  with  two  seams  only 
66  feet  apart. 

As  regards  qualities  of  coal,  in  the  western  portion  of  the  field  adjoining  the 
anthracite  boundary,  lion-bituminous  coals  are  worked,  and  then,  in  succession, 
short -flame  semi-bituminous,  long-flame  semi-bituminous,  and  long-flame  non- 
bituminous  coals.  The  content  of  volatile  matters,  which  may  vary  from  10  to  45 
per  cent.,  generally  increases  with  the  distance  from  the  line  separating  the  coals 
from  the  anthracites,  and  also  with  the  height  in  the  formation.  J.  W.  P. 


(3)  Koh/en- unci  Eise nge  win nung  in  Siid-Hussland.  By  Gustav  Krenke.  Prometheus, 
vol.  vii.,  pages  321  to  325. 

The  chief  coal-fields  of  Russia  are  those  in  the  districts  of  Donetz,  Ural, 
Moscow,  and  the  Caucasus. 

The  Donetz  coal-field,  in  .Southern  Russia,  is  by  far  the  largest,  extending  be- 
tween the  river  of  the  same  name  and  the  Sea  of  Azov,  for  a  distance  of  about  160 
miles,  with  a  breadth  of  about  45  miles  on  the  east,  increasing  to  70  miles  in  the 
western  portion,  and  comprising  an  area  greater  than  that  of  any  other  European 
coal-field.  In  addition  to  the  coal  and  iron,  constituting  the  chief  mineral  wealth 
of  this  district,  it  contains  deposits  of  rock-salt,  lead,  zinc,  copper,  antimony, 
quicksilver,  graphite,  fine  porcelain  clay,  alabaster,  marble,  and  slate.  The  coal 
lies  generally  in  parallel  strata  interspersed  with  slate  and  sand.  There  are 
about  300  seams  varying  individually  from  2  to  7  feet  in  thickness.  The  coal-field 
may  be  divided  into  eight  groups  ( 1 )  the  upper  Donetz,  containing  4  seams  of  a 
total  thickness  of  about  13  feet  ;  (2)  the  Bissitschaga-Balka  group  with  13  seams, 
totalling  30  feet  in  thickness,  only  7  of  which,  however,  are  workable  ;  (3)  the 
Longani  group,  with  35  seams  ;    (4)  the  Longantshik  ;    (5)  the  Kamanka  group  ; 
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(6)  the  Krasni-Kiit  ;  (7)  the  Forza  Kalmius  group,  and  (S)  the  lower  Donetz 
group.  The  four  last-named  contain  from  4  to  35  seams  of  a  total  thickness  of 
13  to  30  feet.  Analyses  of  the  coal  from  this  district  show  it  to  contain  from  JG'GO 
to  G9T3  of  carbon,  41  to  30-2S  of  volatile  matter,  and  12-40  to  0*57  of  ash,  per 
cent. 

In  1S94,  127  pits  were  working  and  these  gave  a  total  output  of  about 
3,300,000  tons,  or  an  increase  of  IS  per  cent,  over  1893,  there  being,  moreover,  11 
more  pits  hi  operation  than  in  the  former  year.  There  are,  however,  onl}-  10 
mines  producing  more  than  100,000  tons  per  annum. 

A  fairly  efficient  railway-system  provides  for  the  distribution  of  the  coal  to 
Moscow,  on  the  north  ;  Taganrog  on  the  Sea  of  Azov,  and  Rostov  on  the  river 
Don,  to  the  southwards  ;  Nikolajew,  Odessa,  the  Crimea,  aud  Mariupol,  at  which 
latter  place  a  harbour  has  been  constructed  for  the  purpose  of  providing  an  outlet 
for  the  Donetz  coal  to  the  Black  Sea  ports.  The  quays  extend  to  a  distance  of 
about  4,000  feet  along  the  harbour  which  is  formed  by  two  breakwaters,  one 
rather  over  5,000  feet  long  and  the  other  about  1,500  feet  in  length,  with  an 
average  depth  of  14  feet.  Loading  is  effected  by  the  aid  of  a  couple  of  hydraulic 
cranes. 

In  characteristics,  the  Donetz  coals  vary  considerably.  At  Kurakowa,  a  close- 
burning  coal  is  produced.  The  Rutshenko  coals  are  in  great  estimation  for  forge 
work  and  locomotive  firing.  Similar  coals  are  obtained  at  Kamenka,  as  well  as  good 
coking  coal,  and  at  Grushewka,  anthracite.  As  a  rule,  the  seams  are  regular  and 
fairly  horizontal,  but  thin.  The  anthracite  is  black,  lustrous,  and  of  high  specific 
gravity ;  the  close-burning  coal  is  fairly  resistant  and  has  a  dull  fracture ;  the 
half -fat  coal  yields  about  75  per  cent,  of  coke;  the  fat  coal  is  black,  lustrous, 
pulverulent,  and  is  used  for  forge  work  and  for  making  coke  for  the  smelting 
furnaces.  The  long-flame  variety,  which  is  burnt  in  hearth-furnaces,  and  also 
used  for  gas  makiug,  is  hard  and  gives  no  dross.  The  long  flame  and  dry  coal  is 
also  hard,  but  gives  out  little  heat,  aud  meets  with  no  demand. 

The  3,300,000  tons  produced  in  1S94  were  distributed  as  follows :— Rail- 
way consumption,  29  "50  per  cent.  ;  salt  works,  1*50  per  cent.  ;  gasworks, 
1*25  per  cent.  ;  steamships,  6*50  per  cent.  ;  smelting- furnaces,  23 '75  per  cent.  ; 
sugarworks,  10  25  per  cent.  ;  other  industries  aud  private  use,  27*25  per  cent. 

Even  more  rapidly  than  the  coal  industry  has  the  iron  trade  of  South  Russia 
developed  within  the  last  few  years,  the  increase  being  fully  tenfold  (331,000  tons, 
as  compared  with  33,000  tons  in  18S3),  or  more  than  twice  as  much  as  in  any  of 
the  other  districts  under  the  Imperial  government.  This  is  attributable  to  high 
protective  duties,  the  development  of  the  railway-system,  and  the  plenitude  of  ore 
and  coal  in  close  proximity.  Ore  occurs  in  the  Donetz  coal-district,  and  at 
Krivoi'-Rog,  not  more  than  300  miles  away,  a  particularly  rich  ore  (60  per  cent.)  is 
found  in  large  quantity,  easily  workable  from  the  surface. 

The  first  smelting-furnace  was  erected  by  Mr.  John  Hughes  in  1871,  near 
Jusowo,  about  80  miles  from  Mariupol.  At  present  there  are  five  large  furnaces  at 
work,  two  more  in  course  of  erection,  12  Siemens-Martin  furnaces  and  a  rail- 
rolling  mill  at  these  works,  and  a  Bessemer-steel  furnace  is  projected.  Twenty 
puddling-furnaces  are  worked,  and  a  staff  of  7,500  hands  is  employed,  5,000  being 
at  the  smelting-works,  and  the  other  2,500  at  the  colliery. 

Other  large  establishments  in  the  district  are  those  of  Pastukov,  the  Iron  Ore 
Company,  the  Briansk  Company,  the  Dnieper  smelting-works,  and  the  Donetz 
iron  and  steelworks,  in  addition  to  numerous  smaller  concerns,  and  the  number 
of  works  is  constantly  on  the  increase.  C.  S. 


86  NOTES    OF   PAPERS   IX   COLONIAL   AND   FOREIGN 

VILLANUEVA  COAL-FIELD,  SPAIN. 

Fomento  d<  las  Minas  de  Carbon  de  Villanueva.     Anon.     Revista  itinera,  1896, 
vol.  xlvii.,  pages  19-20. 

The  possible  extension  of  the  Coal-measures  of  Villanueva  del  Rio,  in  the  pro- 
vince of  Seville,  has  for  years  been  a  question  of  much  importance,  seeing  that 
there  is  every  probability  that,  instead  of  its  being  confined  to  the  very  small 
basin  now  known,  it  may  extend  beneath  the  Tertiary  formation  to  a  considerable 
distance  below  the  Guadalquivir,  in  the  direction  of  Seville  and  Moron,  although 
perhaps  at  a  great  depth.  Several  mining  engineers  have  held  the  view  that  this 
basin  may  be  not  a  very  restricted  one  as  it  now  appears  to  be,  but  is  really  of  im- 
mense size,  because  of  certain  indications  near  Moron  that  might  be  taken  for  the 
outcrop  of  a  basin  with  an  area  of  a  hundred  or  so  square  miles.  The  great  expense 
of  the  necessary  explorations  and  the  risk  attending  it  have  prevented  the  capitalists 
and  miners  of  the  country  from  venturing  upon  I  hem  ;  on  the  other  hand,  the  Madrid, 
Zaragoza,  and  Alicante  Railway  Company,  the  owner  of  one  extremity  of  the 
basin,  has,  as  a  foreign  concern,  no  interest  in  the  prosperity  of  the  country  except 
so  far  as  it  regards  its  own  direct  benefit.  It  suits  the  company  quite  as  well  to 
produce  a  small  amount  of  coal  with  a  high  profit  as  it  would  do  to  extract  five 
times  as  much  with  one-fifth  of  the  profit  per  ton,  but  for  the  country  the  posses- 
sion of  a  larger  amount  of  fuel  at  a  lower  price  would  be  a  great  advantage.  No 
one  can  blame  a  foreign  company  for  acting  selfishly,  but  rather  the  Andalusians 
deserve  reproach  for  having  neglected  a  matter  that  so  greatly  interests  the 
country.  The  railway  company  after  having  secured  all  the  known  portion  of  the 
Villanueva  basins  has  not  forgotten  to  examine  the  question  whether  the  coal- 
seams  continue,  and  has  explored  a  considerable  distance  towards  the  Guadalquivir 
without,  however,  going  to  excessive  depths. 

The  explorations  have  been  carried  on  with  the  utmost  secrecy,  and  it  has 
never  been  known  to  what  depth  or  to  what  distance  thej-  extended.  Now,  how- 
ever, a  fact  has  come  to  light  that  indicates  that  coal-mining  in  this  region  will 
receive  -  a  considerable  extension,  seeing  that  a  300  horse-power  horizontal 
compound  winding-engine  is  being  erected  for  the  Villanueva  coal-mines  of  the 
Madrid,  Zaragoza,  and  Alicante  Railway,  and  an  engine  of  this  size  can  only 
be  intended  for  operations  on  a  large  scale.  It  is,  however,  doubtful  whether 
there  is  any  intention  of  raising  the  600,000  or  800,000  tons  a  year,  which 
might  be  got  for  supplying  the  demands  of  Seville,  Huelva,  and  Cadiz, 
including  Gibraltar,  all  of  which  could  be  met  from  this  Guadalquivir  coal- 
field. The  new  shaft,  which  will  be  No.  5,  will  be  down  in  some  twelve  or  fifteen 
months,  and  will  be  furnished  with  a  500  horse-power  pumping-engine.  The  pre- 
sent centres  of  production  will  last  until  the  new  one  is  in  full  swing,  and  in  the 
public  interest  it  is  to  be  hoped  that  it  will  turn  out  more  than  the  100,000  tons  a 
year  which  are  now  being  raised.  H.  L. 

PUERTOLLANO  COAL-FIELD,  SPAIN. 

La  Cuenca  Carbonifera  de  Puertollafio.     By  Manuel  Sanchez  y  Massia.     Revista 
Minera,  1896,  vol.  xlvi.,  pages  33-35. 

The  author  has  long  believed  that  the  Puertollaho  coal-field  extends  beyond 
the  limits  of  an  imaginary  oval  that  had  been  set  down  as  its  outline.  The 
general  opinion  is  that  this  field,  whose  surface  shows  no  indication  of  disturbance, 
necessarily  forms  a  perfectly-shaped  basin  between  two  hills  of  Silurian  quartz- 
ite,  the  strata  of  which  on  the  northern  side  dip  to  the  south,  and  on  the  southern 
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side  dip  to  the  north  ;  that  the  coal-seams  had  the  same  dips  as  the  quartzites, 
maintained  a  uniform  thickness  and  underwent  no  change  over  all  the  area.  This 
assumption  is  however  quite  incorrect.  The  Marquis  of  Casa  Loring  sank  a  shaft 
in  his  concession  in  the  south-western  corner  of  the  field,  showing  the  following 
section,  the  strata  appearing  to  dip  5  degrees  to  the  south  : — 

Feet.  Feet. 

2 
2 
H 
If 
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Sixty  feet  to  the  north  a  second  shaft  was  sunk,  which  cut  the  top  seam  of  coal 
at  10  feet  in  depth.  It  would  appear,  therefore,  that  a  very  little  further  to  the 
north  the  seams  disappear  and  the  theory  of  the  oval  basin  would  be  confirmed  ; 
but  still  further  north,  in  making  a  well,  a  coal-seam  was  cut,  and  this  seam 
evidently  continues  with  a  northerly  dip  until  it  reaches  a  depth  of  203  feet,  at 
which  it  was  proved  by  a  bore-hole,  so  that  the  interruption  in  the  Coal-measures, 
which  has  also  been  spoken  of  as  their  boundary-fault,  is  only  a  consequence  of 
denudation  which  has  cut  away  and  destroyed  in  part  at  least  the  upper  portion 
of  an  anticlinal  which  is  clearly  marked  by  the  above  dips.  Other  bore-holes  to 
the  north  have  also  cut  the  coal-seams  :  one  of  these  115  feet  deep  cut  two  seams 
respectively  9?  and  5  feet  thick  ;  on  sinking  a  shaft  on  the  site  of  this  bore-hole  a 
heavy  influx  of  water  was  met  with  in  approaching  the  top  seam  which  forced  the 
sinking  to  be  suspended.  It  may  therefore  be  taken  for  granted  that  neither  the 
imaginary  oval  outline  nor  the  so-called  boundary  fault  will  prevent  capital  from 
being  employed  in  opening  up  a  coal-field  that  has  the  advantage  of  being  only 
124  miles  from  Madrid  and  some  60  miles  from  Linares  and  La  Carolina,  more 
especially  now  that  the  Marquis  of  Casa  Loring  is  engaged  in  the  construction  of 
a  railway-line  that  shall  unite  Linares  and  Puertollano,  with  the  object  of  carrying 
coals  from  the  latter  field  to  the  former  important  mineral  district.  H.  L. 


COAL  IN  THE  TRANSVAAL. 
Terrain  carbonif&re  du  Transvaal.     By  M.  Lapierre.     Comptes  Bendus  Mensuels 
de  la  Societe  de  F Industrie  Mini-rale,  1896,  page  59. 
The  rocks  in  the  coal  region  are  superposed  in  the  following  order : — (1)  Primary 

(granite,  gneiss,  and  siliceous  schists),  generally  Silurian  ;  (2)  Devonian  (quartzose 
sandstones,  hardened  clay,  and  auriferous  conglomerates),  disturbed  by  numerous 
eruptions  of  igneous  rocks,  which  have  caused  frequent  metamorphism,  and  have 
thrown  the  strata  sometimes  into  a  vertical  position  ;  and  (3)  the  Karoo  Beds  (grey 
sandstone,  black  and  blue-grey  schists,  coal,  and  white  sandstone),  in  which  but 
few  fossils  have  been  found,  and  which  do  not  present  the  same  appearance  as  the 
Coal-measures  in  other  parts  of  South  Africa.  Some  geologists  have  endeavoured 
to  connect  them  with  the  Trias  or  Permian  ;  but  this  opinion,  based  on  insufficient 
evidence,  is  open  to  question. 

The  coal,  impure,  and  containing  from  20  to  25  per  cent,  of  ash,  is  worked  by 
leaving  in  the  pillars.  The  seams  are  thick,  and  the  roof  is  so  strong  that  no 
timbering  is  required.  The  mean  depth  of  the  deposit  is  150  feet.  The  coal  is 
raised  by  rectangular  shafts,  divided  by  partitions  parallel  with  the  short  side  of 
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the  rectangle,  into  four  compartments,  two  for  winding,  one  for  the  ladders,  and 
the  fourth  for  the  steam  and  compressed-air  pipes  and  electric  cables.  The 
coal  raised  is  screened,  the  slack  being  tipped  out  to  spoil,  while  the  large  cobbles 
and  nuts  are  alone  utilized.  A  colliery  plant  comprises  a  40  or  50  horse-power 
winding-engine,  a  20  to  30  horse-power  engine  for  working  the  screens,  and  a 
special  engine  for  working  the  dynamo.  The  working  is  very  remunerative,  the 
cost  being  from  5s.  to  6s.  per  ton,  and  the  selling  price  9s.  The  Braakpan  colliery, 
opened  about  six  years  ago,  now  produces  1,200  tons  daily,  and  paid  for  the 
working  year  1894-5  a  dividend  of  £64,000  on  a  capital  of  £400,000.      J.  W.  P. 


ANCIENT  COPPER  MINES  OF  SINAI. 
Sur  les  Mines  de  Guivre  du  Sina'i,  exploitdes  par  les  ancit  ns  Egypt/tens.     By  Prof. 
Berthelot.      Oomptes  Rendu*  dt  VAcademit    des  Sciences,  1S96,  vol.  cxxiii., 
pages  365  to  374. 

Specimens  of  ore,  rock,  scoria?,  and  fragments  of  furnaces  and  implements, 
recently  obtained  by  Mr.  de  Morgan  from  the  ancient  workings  of  the  Wadi- 
Maghara  and  Serabil-el-Khadem  beds  of  the  Sinai  mines  have  been  examined  by 
the  author. 

The  cupriferous  minerals  consist  of  turquoises — of  normal  composition,  occur- 
ring free  and  dispersed  in  the  ferruginous  sandstone, — a  hydrosilicate  of  copper,  and 
sandstones  impregnated  with  copper  salts  (hydrosilicates  and  carbonates),  probably 
resulting  from  the  action  of  water  on  pyritic  veins  at  greater  depths.  Some  of 
the  sandstones  are  ferruginous,  and  in  these  the  copper  salts  envelop  the  cement- 
ing hrematite,  thus  showing  their  more  recent  deposition. 

The  actual  percentage  of  copper  is  low,  and  the  labour  of  sorting  the  ore  must 
have  been  immense. 

Haematite  is  found  in  large  fragments  at  Wadi-Maghara,  and  in  a  fibrous  con- 
dition at  Serabil,  occurring  likewise  in  veins  in  the  rock  and  as  a  cementing 
material  in  the  sandstone.  In  both  localities,  dioxide  of  manganese  is  found,  in 
some  cases  associated  with  haematite. 

Although  no  beds  of  chalk  have  been  recognized  in  the  district,  fragments 
occur  in  some  of  the  specimens  examined  and  in  the  scoria?  and  debris  from  the 
furnaces.  From  the  presence  of  pieces  of  charcoal  in  various  stages  of  carboniza- 
tion, it  is  evident  that  the  furnaces  were  heated  by  wood  fuel,  which  must  have 
been  transported  from  a  distance,  but  the  alteration  has  been  too  great  to  enable 
the  kind  of  wood  to  be  determined. 

The  absence  of  mattes  indicates  that  no  pyrites  was  worked,  and  none  is  found 
in  the  minerals. 

No  fluxes,  beyond  the  natural  sandstone  mixed  witli  haematite,  seem  to  have 
been  used,  and  the  irregularity  of  fusion  manifested  by  the  scoria?  points  to  im- 
perfect methods  of  working. 

Microscopical  examination  of  the  slags  shows  two  chief  classes,  the  more 
crystalline  containing  crystals  of  fayalite  and  octahedra  of  magnetite  ;  the  other 
is  composed  of  augites,  with  occasionally  magnetite  and  felspar,  and  contains  chalk 
from  calcareous  gangues. 

As  far  as  can  be  decided  from  the  fragments  of  the  furnaces  and  crucibles  still 
to  be  found  on  the  spot,  the  former  were  built  of  local  sandstone  and  the  latter 
made  of  a  quartzose  sand  rendered  adherent  by  means  of  clay.  Grains  of  rounded 
and  partly  fused  sand  are  embedded  in  the  fused  fragments,  and  here  and  there 
crystals  of  rutile  and  zirconia  are  met  with  in  association  with  anorthite  and 
ferruginous  pyroxenes,  the  whole  being  surrounded  by  a  mass  of  colourless  glass. 
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Three  fragments  of  tools  were  discovered  by  Mr.  de  Morgan  among  the  ruins 
of  the  miners'  huts  at  Wadi-Maghara.  The  largest  originally  formed  part  of  a 
pick,  and  is  bevelled  at  the  one  end,  which  corresponds  in  shape  with  the  stria?  in 
the  rock.  The  fragment  is  li  inches  in  length,  about  §  inch  thick,  and  i  inch  wide, 
tapering  to  i  inch  at  the  bevel.  It  had  evidently  been  cast  in  a  rough  mould,  and 
is  composed  of  copper  and  arsenic— the  presence  of  this  latter  substance  (which 
must  have  been  added  purposely,  no  arsenic  being  found  in  the  minerals,  etc. ,  in 
this  locality)  in  the  tools  shows  that  the  Egyptians  must  have  understood  its 
property  of  hardening  copper. 

A  portion  of  a  (non-arsenical  and  with  but  very  little  tin)  bronze  tool  resembling 
a  graver  was  also  found,  together  with  a  2  inches  needle  of  copper— free  from  tin 
and  with  merely  a  slight  amount  of  arsenic. 

Two  other  needles,  probably  of  Sinai  copper,  were  obtained  from  an  Egyptian 
tomb,  one  of  them  exhibiting  a  peculiarity  of  manufacture  in  that,  instead  of 
being  solid,  it  has  a  longitudinal  cavity  in  the  centre. 

After  having  been  worked  for  some  40  centuries  these  mines  were  abandoned 
3,000  years  ago,  on  account  of  the  poverty  of  the  ore  accessible  to  the  workers, 
and  probably  also  by  reason  of  difficulties  of  working  and  transport  in  such  a 
remote  region.  It  is  interesting  to  note  that  in  the  course  of  their  labours  these 
early  miners  arrived  at  the  same  empirical  processes  that  have  continued  down  to 
our  own  time.  C.  S. 


NEEDLE  WEIRS. 

Etanchement  des  Barrages  au  moyen  de  la  Gen  Ire  d'usines,  de  Sable  ou  de  Gravier. 

Anon.     Moniteur  Industrie!,  Jan.  \Sth,  1896,  page  40. 

Mr.  H.  Tavernier  has  pointed  out  the  useful  properties  of  smiths'  ashes  for  mak- 
ing needle  weirs  tight.  The  weeds  and  small  branches  must  be  removed  from  the 
needles,  which  should  be  closed  as  tightly  together  as  possible  ;  and  then  the  ashes 
are  introduced  in  front  of  them  by  a  shovel  or  scoop.  A  boat,  carrying  the  necessary 
quantity  of  ashes,  is  brought  in  front  of  the  weir  as  the  needles  are  made  tight,  the 
ashes  being  borne  against  them  by  the  current.  For  this  work  three  men  are  amply 
sufficient,  one  to  manage  the  boat,  another  to  throw  in  the  ashes,  and  the  third, 
on  the  foot-bridge,  to  point  out  where  the  ashes  should  be  thrown.  According  to 
the  size  of  the  spaces  to  be  stopped,  the  ashes  are  taken  from  the  bottom  of  the 
heap,  where  they  are  large,  or  from  the  top,  where  they  are  finer.  This  method 
gives  a  thoroughly  tight  stopping  to  needle  weirs  :  and  the  stopping  lasts  from  10 
to  15  days,  after  which  it  must  be  renewed  wholly  or  partially.  Although  as  ti^ht 
a  stopping  may  be  made  with  sand  or  fine  gravel,  the  quantity  required  is  larger 
while  the  tightness  does  not  last  so  long.  J.   W.   P. 


ELECTRIC  POWER-TRANSMISSION  IX  MIXES. 
(1)   Einigi    Abbildungen    und  Bemerkungen   zur  elektrischen    Kraftubertragung   im 
Bergbau.      By  C.    Kottgex.      Gliickauf,    1896,    vol.   xxxi.,  pagt    372,  and 
illustrations. 

The  examples  of  a  sinking-pump,  a  centrifugal  pump  on  wheels,  an  hauling 
engine,  electric  motor  for  endless  chain-haulage,  electric  locomotives,  and  electric- 
ally-worked percussive  and  rotary  drills,  bring  prominently  forward  the  two  most 
important  features  of  electric  power-transmission.  The  first  is,  that  it  is  possible 
to  lead  the  current  to  any  desired  point  in  a  mine  without  any  considerable  loss,  or 
troublesome  disturbance  of  the  work  through  laying  the  conductors ;   and   the 
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second,  that  the  great  flexibility  in  the  conductors,  required  for  leading  the  cur- 
rent to  the  electro-motors,  permits  of  the  driven  machines  being  moved  from  place 
to  place  without  requiring  any  great  care  or  preparation.  The  above-named 
applications  show  that  electric  energy  for  driving  may  be  led  to  the  very  confines 
of  a  mine  ;  but,  if  it  be  desired  to  keep  down  the  cost  of  production,  mechanical 
working  must  first  be  adopted. 

The  advantage  of  power  being  always  available  at  any  point  may,  in  some  cases, 
introduce  considerable  modifications  in  the  getting  of  coal.  It  has  hitherto  been 
the  rule  to  lay  out  the  workings  so  that  all  the  working-faces  be  situated  at  a  higher 
level  than  the  landing  in  the  shaft,  in  which  case  the  coal  and  also  the  water 
tan  gravitate  to  the  shaft  without  any  mechanical  power  being  required  ;  and  such 
methods  are  still  generally  employed.  In  cases,  however,  where  the  exploring 
drifts  reveal  unexpected  irregularities  in  the  stratification,  it  often  became 
necessary  to  undertake  difficult  and  costly  works  at  a  lower  level,  upsetting  the 
existing  winding  arrangements.  Now,  however,  such  works  are  unnecessary, 
as  the  working  follows  up  the  deposit  closely ;  and,  if  the  gradients  should  lie 
so  great  that  they  cannot  be  mounted  by  man  or  horse-power,  electric  locomotives, 
or  chain  or  rope  haulage,  electrically  driven,  are  employed.  If  there  should  be 
a  disturbance  in  the  strata,  and  the  seams  be  thrown  down  a  few  hundred  feet, 
it  is  no  longer  necessary  to  deepen  the  main  shaft  and  open  the  low-lying  portion 
by  a  new  level :  but  a  staple  pit  should  rather  be  sunk  at  the  desired  spot,  and 
the  winding  and  pumping  effected  by  electric  driving.  J.  W.  P. 


(2)  Anwendung  der  Elektricitat  im   Bergbau.     Anon.     Gliickauf,   1896,  vol.  zxxi., 

622. 

The  largest  pumps  driven  electrically  that  have  yet  been  constructed  are  being 

erected  at  the  Kiibeck  shaft,  Anina,    Hungary.     The   plant   consists  of   two   3- 

ram   pumps,  each  of  which  is  designed  to  raise  176  gallons  of  water  per  minute, 

to  a  height  of  7S7  feet,  driven  by  two  electromotors,  each  of  60  horse-power,  mak- 

50  revolutions  per  minute. 

At  the  mines  of  the  Upper  Hungarian  Mining  and  Ironworks  Company, 
Szomolnokhuta,  an  electrically-driven  duplex-pump  is  being  erected  for  raising 
154  gallons  per  minute  to  a  height  of  32S  feet.  Special  interest  is  attached  to 
this  plant  because  of  the  metallic  composition  of  which  the  rams  and  suction 
pipes  are  cast,  and  the  fact  of  the  cast-iron  delivery  pipes  being  lined  with 
asphalt,  on  account  of  the  very  acid  water. 

The  generating  station  for  driving  the  pumps  and  a  screen,  as  well  as  for 
lighting,  comprises  a  horizontal  high-pressure  turbine,  coupled  directly  with  a 
50  kilowatts  dynamo,  making  650  revolutions  per  minute.  J.  W.  P. 


(3)  E1'  ctric  Power  for  Mining.  Axon.  The  Engineering  and  Mining  Journal 
(New  York),  1S96,  vol.  lxi.,  page  304. 
In  1 891 ,  the  San  Miguel  Consolidated  Gold  Mining  Company  decided  to 
erect  an  alternating-current  electric  transmission-plant.  The  San  Miguel 
Company  owned  gold-mines  in  the  south-western  Colorado  mountains,  where, 
owing  to  the  high  price  of  fuel  and  the  altitude  of  13,000  feet  above  sea-level, 
working  had  been  found  almost  impracticable.  The  use  of  electric  power  was 
suggested,  as  the  company  owned  an  extensive  waterfall  in  the  San  Miguel 
valley. 
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It  was  decided  to  adopt  the  Tesla  polyphase  system  of  electric  power  trans- 
mission, and  a  100  horse-power  alternating-current  generator  and  a  100  horse- 
power motor,  with  the  necessary  switchboard  appliances,  were  installed.  The 
generator  was  connected  with  a  Pelton  water-wheel,  and  the  current  was  carried 
for  3  miles  up  the  mountains  to  the  Gold  King  mine.  The  second  installation 
comprises  two  S00  horse-power  500  volts  quarterphase  generators,  running  at 
7,200  alternations.  These  generators  will  be  directly  connected  to  two  Pelton 
water-wheels,  and  two  30  horse-power  multipolar  generators  will  be  operated  as 
exciters.  These  appliances  are  installed  in  the  central  power-house,  and  there  are 
a  number  of  sub -.stations  at  the  different  mines  throughoiit  the  property.  Among 
these  stations  are  distributed  twelve  50  horse-power  polyphase  Tesla  motors ; 
fifteen  20  horse-power  Tesla  motors  ;  twelve  100  kilowatts,  one  hundred  11,600 
volts,  two  threephase  step-up  transformers  ;  ten  50  kilowatts,  10,000  to  220  volts  ; 
ten  25  kilowatts,  1^,000  to  220  volts,  and  sixteen  10  kilowatts,  1,000  to  220  volts, 
step-down  transformers.  The  motors  are  attached,  either  by  belt  or  direct- 
connected,  to  operate  stamps,  pans,  hoists,  crushers,  elevators,  or  pumps. 

J.   W. 

(4)  Note  sur  un  Transport  de  Force  par  V  Electriciti  au  Siege  No.  5  des  Mines  de 
Maries,  Pas-de-Calais.  By —  Baily.  Comptes  Rendu*  Mensuels  de  la  Socie'te 
de  PIndustrie  Mini-rale,  1896,  page  41. 

At  the  No.  5  pit,  a  500  horse-power  compound  condensing  engine  drives  two 
dynamos,  each  of  80,000  watts,  making  350  revolutions  per  minute,  room  being 
left  for  two  others.  In  addition  to  sending  current  to  No.  3  pit,  3,000  feet  dis- 
tant, power  is  furnished  for  hauling  the  coal  from  the  working-places  to  the  shaft 
at  Nos.  3  and  5  pits,  each  of  which  produces  1,200  tons  daily  ;  for  raising,  by  means 
of  an  electric  winding-engine,  to  the  700  feet  level  the  rubbish  excavated  in  No.  5 
pit,  and  hauling  it  by  locomotives  to  the  working-places,  for  gobbing  a  seam  6  feet 
thick.  The  conductors  in  the  shaft  consist  of  armoured  copper  cables,  1  inch  in 
diameter  and  of  0"62  square  inch  in  sectional  area,  which  easily  pass  a  current  of 
640  amperes,  and  in  the  levels  by  rails,  weighing  17  lbs.  per  yard,  on  which  run  the 
trolleys. 

Each  of  the  new  locomotives,  which  weigh  3*2  tons,  is  driven  by  a  Gramme- 
wound  dynamo,  making  1,000  revolutions  per  minute  ;  and  its  shaft,  parallel  with 
the  rails,  carries  a  mitre-pinion  driving  two  others,  naturally  revolving  in  opposite 
directions,  one  for  forward  and  the  other  for  backward-gear.  These  two  last- 
named  pinions  are  loose  on  sleeves,  keyed  upon  a  transverse  shaft,  carrying 
the  pinion  which  works  into  the  spur-wheels  fastened  upon  the  axles.  Motion  is 
communicated  to  the  sleeves,  and  consequently  to  the  transverse  shaft,  by  cast- 
iron  rings,  which,  tightened  by  a  wedge  worked  by  the  reversing  hand-wheel, 
clamp  the  mitre-pinion  on  the  sleeve. 

With  this  arrangement  the  armature  may  be  put  in  motion  before  starting,  so 
as  to  utilize  the  vis  viva,  full  current  being  afterwards  given.  The  driver,  on 
the  front  foot-plate,  has  at  his  command  a  lever  for  breaking  the  circuit, 
another  for  applying  current,  regulating  and  shutting  it  off,  a  hand-wheel  acting 
on  the  reversing-gear,  another  working  a  screw-brake,  and  a  handle  for  applying 
sand  to  the  rails  when  required  on  starting. 

The  locomotive,  which  receives  current  at  500  volts,  effects  the  work  of  fifteen 
horses,  drawing  a  set  of  thirty  tubs,  each  containing  ^  ton  of  coal,  at  the  mean 
speed  of  Sf  miles,  and  maximum  speed  of  nearly  10  miles  per  hour,  each  loco- 
motive absorbing  under  these  conditions  from  35  to  38  amperes  at  500  volts. 

J.  W.  P. 
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GAS  AND  PETROLEUM  MOTORS. 

Les  Moteurs  a  gaz  et  a  pStrole  &  I' Exposition  d'Anvers,  1894.     By  C.  Lambotte. 
Annuaire  de  V Association  des  Ing&nieurs  de  Liege,  1895,  ml.  viii.,  page  169. 

Including  interest  on  capital,  sinking  fund,  maintenance,  supervision,  cleaning, 
lubrication,  and  consumption,  for  a  force  of  2  horse-power  effective,  the  gas-engine 
costs  2d.  ;  the  petroleum  motor,  l'7d.  ;  and  the  steam-engine,  2*8d.  per  effective 
horse-power.  For  a  force  of  10  horse-power  effective,  the  gas-engine  costs  Id.  ; 
the  petroleum  motor,  0-9d.  ;  and  the  steam-engine,  Id.  per  effective  horse-power. 
And,  for  a  force  of  50  horse-power,  a  gas-engine  working  with  poor  gas,  and  a 
condensing  steam-engine,  with  steam-jacket  and  expansion  variable  by  the 
governor,  both  cost  0'5d.  per  effective  horse-power  per  hour. 

The  petroleum  motor  is,  therefore,  the  most  economical  motor  up  to  10  horse- 
power, a  force  for  which  the  cost  of  the  horse-hour  is  appreciably  the  same  with 
gas,  steam,  and  petroleum  ;  but  above  this  power  the  steam-engine  is  the  most 
economical,  at  any  rate  for  continuous  working  of  long  duration,  iinder  which 
circumstances  the  user  of  a  gas-engine  must  make  his  own  gas.  For  a  force  of  50 
horse -power,  the  cost  of  a  day's  work  is  the  same  with  gas  made  from  coke  as  it  is 
with  steam  ;  but  in  the  neighbourhood  of  anthracite-mines  the  advantage  will  be 
in  favour  of  the  gas-motor,  which  only  consumes  1  "32  lbs.  of  anthracite  per  effective 
horse-power,  while  the  steam-engine  consumes  3 "3  lbs.  of  coal. 

If  steam  and  gas  were  found  in  a  natural  state,  the  steam-engine  and  the  gas- 
motor  working  with  lighting-gas  would  be  the  most  economical ;  but,  to  examine 
the  question  practically,  the  coai  burnt  in  steam-boilers  and  that  for  making  gas 
must  be  taken  into  consideration.  While  the  coefficient  of  utilization  by  the  gas- 
motor  is  17  per  cent.,  there  is  only  a  real  utilization  of  6  per  cent. ;  but,  practi- 
cally, the  difference  is  not  a  dead  loss  in  large  installations,  because  of  the  set-off 
afforded  by  the  bye-products.  The  combustion  of  coal  for  firing  steam-boilers  is  in 
no  better  case,  because,  if  the  coefficient  be  17  per  cent,  for  the  steam-engine 
alone,  it  is  only  8  per  cent,  for  engine  and  boiler  together,  while  in  this  case  there 
are  no  bye-products.  Gas-producers  give  better  results,  as  might  be  expected, 
the  transformations  of  energy  being  fewer ;  and  this  number  is  also  slight  in  the 
petroleum  motor,  which  explains  its  high  yield. 

It  may  be  concluded  that  the  gas-engine  has  the  highest  economical  coefficient ; 
and  it  is  susceptible  of  improvement— seeing  that  its  theoretical  yield  is  38  per 
cent. — by  ameliorations  in  the  cycle  of  the  motor  and  of  the  gas-producers  which 
are  intimately  connected  with  it.  J-  W.  P. 

ADVANTAGES  OF  COMPRESSED  AIR. 

Note  sur  VEmploi  de  VAir  Comprime.     By  —  Mortier.     Gomptes  Sendus 
Mensuels  de  la  SociiU  de  V Industrie  Minerale,  1895,  page  137. 

Two  very  marked  tendencies  are  now  manifested  in  the  working  of  mines.  On 
the  one  hand,  compressed-air  plants  are  becoming  more  general,  on  account  of  the 
undoubted  facility  which  they  afford  for  carrying  out  works ;  and,  on  the  other, 
endeavours  are  being  made  to  substitute  for  compressed  air,  in  the  same 
applications,  a  more  economical  agent,  such  as  electricity. 

The  author  deals  in  turn  with  the  imperfection  of  compressed  air  as  an  agent 
for  transmitting  power,  its  original  yield  or  useful  effect,  the  loss  of  pressure,  and 
therefore  of  power  during  transmission,  the  compounding  of  compressors  and 
motors,  the  general  useful  effect,  and  the  influence  of  heat,  arriving  at  the 
following  conclusions : — 
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1.  Compressed  air,  regarded  as  a  transmitter  of  power,  is  just  what  it  is  made, 
its  value  being  that  of  the  mechanical  and  calorific  conditions  which  are  present 
at  its  production  and  utilization. 

2.  By  the  use  of  high  adiabatic  compression  (those  at  constant  pressure), 
rendering  illusory  any  effective  expansion,  only  an  insignificant  useful  effect  is 
obtained. 

3.  By  the  adoption  of  low  pressures,  this  inherent  defect  is  eliminated,  but 
the  dimensions  of  the  pipes  and  the  appliances  are  so  great  as  to  render  them 
prohibitive. 

4.  On  the  other  hand,  by  adopting  successive  compressions,  even  adiabatic,  and 
especially  a  mutual  compounding  between  motors  sufficiently  far  apart  for  the  air, 
partially  expanded,  to  reacquire  the  surrounding  temperature  in  passing  from  one 
motor  to  another,  a  useful  effect  of  50  per  cent,  may  easily  be  obtained,  and  that 
with  pipes  and  cylinders  of  moderate  size. 

5.  The  available  energy  transmitted  by  compressed  air  may  be  increased  by 
heat  in  proportion  to  the  binomial  of  expansion  itself.  While  the  other  agents  of 
power-transmission,  water  under  pressure  and  electricity  for  instance,  correspond 
with  a  thoroughly  defined  disposability  of  energy  ;  compressed  air,  in  addition  to 
the  amount  of  work  it  is  capable  of  giving  out  adiabatically  at  the  surrounding 
temperature,  carries  with  it  a  credit,  theoretically  unlimited,  for  transforming 
into  work  any  artificial  heat  which  may  be  communicated  to  it  ;  and  this 
transformation  is  effected  with  so  high  a  thermic  yield  that  the  supplementary 
work  performed  is  obtained  almost  gratuitously. 

In  other  words,  a  given  weight  of  compressed  air  acquires,  without  appreciable 
complication  and  with  an  insignificant  expenditure  of  fuel,  an  artificial  quantum 
of  energy  at  least  equal  to  the  natural  energy  which  it  furnishes  directly  ;  and 
this  special  faculty,  added  to  absolute  elasticity  of  speed,  as  regards  both  compres- 
sors and  motors,  and  to  the  possibility  of  regulation  or  storage,  is  a  characteristic 
of  great  importance,  which  will  often  justify  preference  being  given  to  compressed 
air  over  other  agents  for  the  transmission  of  power.  J.  W.  P. 


THE   LAVAL  STEAM-TURBINE. 

Xote  but  la  Turbine  de  Laval.  By  A.  Stevart.  Annuaire  <h  V Association  des 
Ingenieurs  c/e  Liige,  1S96,  col.  ix.,  page  33. 

The  Laval  motor  has  caused  great  interest  through  the  novelty  of  the  principle 
on  which  its  working  depends,  and  the  skill  with  which  the  great  difficulties  due  to 
speeds  attaining  500  revolutions  per  second  have  been  surmounted.  The  steam  does 
not  act  by  its  pressure,  but  is  expanded,  before  reaching  the  wheel,  to  a  pressure 
very  little  higher  than  that  of  the  discharge,  thus  converting  into  pis  viva  all  the 
calorific  energy  which  it  contains. 

The  enormous  speed  with  which  the  steam  impinges  upon  the  vanes  of  the 
wheel  obliges  the  latter  to  revolve  very  rapidly,  the  tip  speed  being  about  0-4  of 
the  steam"s  theoretical  speed  at  admission.  The  turbine,  actuated  in  this  manner, 
may  be  regarded  as  an  axial  wheel  with  free  deviation,  and  be  treated  like  the 
receiver  of  the  Euler  turbine  for  determining  the  value  of  its  principal  elements 
and  the  conditions  to  be  fulfilled  for  obtaining  a  maximum  tiseful  effect.  The 
angle  made  by  the  entrance-surface  of  the  wheel  and  the  steam-jet  should  be  as 
slight  as  possible  ;  in  practice  it  is  not  less  than  20  degs.,  though  this  may  possibly 
be  reduced  by  abandoning  the  axial  arrangement  and  admitting  the  steam  by  the 
outer  circumference  of  the  wheel. 
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The  critical  speed  of  rotation  is  that  which  gives  a  revolution  in  the  same 
space  of  time  as  the  spindle  would  make  a  double  oscillation  under  the  weight  of  the 
turbine  :  and  it  is  advisable  that  in  practice  the  number  of  revolutions  correspond 
with  from  one  and  a  half  times  to  twice  the  critical  speed  for  dispelling  all  appreci- 
able vibration. 

The  great  speed  is  a  weak  point  which  leads  to  difficulties  of  various  kinds  ; 
and  firstly,  in  the  gear  for  transmitting  motion,  of  little  consequence  with  dynamos 
or  other  rapidly  revolving  appliances,  but  considerable  in  other  cases,  especially 
when  the  applications  require  greater  power  with  comparatively  low  speed. 
Secondly,  the  centrifugal  force  set  up  by  this  rapid  rotation  tends  to  burst  the 
wheel  at  its  periphery,  where  it  is  found  necessary  to  attach  the  vanes  to  steel 
hoops  as  strong  as  possible  ;  and  lastly,  as  it  is  practically  very  difficult  to  exactly 
balance  such  a  wheel,  and  even  slight  eccentricity  may  greatly  strain  the  spindle, 
there  is  danger  of  breakage  or  at  any  rate  of  untrue  running. 

To  the  first  and  second  of  these  difficulties  the  only  remedy  appears  to  consist 
in  obtaining  the  same  useful  effect  with  a  lower  speed ;  and  the  author  suggests 
the  use  of  a  fluid  denser  than  steam — a  mixture  of  steam  and  compressed  air,  for 
instance.  For  the  third  difficulty  a  radical  remedy  has  been  found,  which  experi- 
ence shows  to  be  quite  effective.  The  steel  spindle  is  only  from  0"3  to  0-6  inch  in 
diameter  ;  and  it  is  precisely  this  slight  diameter,  and  the  consequent  flexibility, 
which  permits  the  revolving  disc  to  move  almost  as  if  it  were  free,  it  being  well 
known  that  the  rotation  of  a  free  body  has  a  tendency  to  take  place  round  one  of 
the  principal  axes  of  inertia  passing  through  the  centre  of  gravity,  which  remains 
fixed,  if  not  influenced  by  an  extraneous  force.  J.  W.  P. 


EXPANSION  IN  WINDING-ENGINES.* 

Xote  sur  VEmploi  de  la  Detente  dans  la  Machine  d'extraction  du  Putts  du  Treuil 
Xo.  2  de  la  Sorit'te  Anonyme  des  Houilleres  de  Saint-Etienne.  By  —  Berne. 
Bulletin  de  la  Societe  de  V 'Industrie  Jlinerale,  1896,  vol.  x.,  page  61. 

The  winding  engine  at  the  No.  2  Treuil  pit  was  designed  to  raise  800  tons  from 
a  depth  of  1,968  feet  in  eight  hours.  When  winding  coal,  the  moments  are :  at  the 
start  of  the  loaded  cage  from  the  bottom,  47,738  foot-pounds  ;  at  the  meeting  of 
the  cages,  54,972  foot-pounds  ;  and  on  the  loaded  cage  coining  to  bank,  62,566  foot- 
pounds. The  engine  is,  therefore,  practically  balanced ;  and  the  moment  at  the 
end  of  the  lift  is  greater  than  that  corresponding  with  the  start  from  the  bottom, 
which  is  very  favourable  to  safety  and  expansive  working  under  good  conditions, 
so  that  the  use  of  expansion,  variable  by  the  governor,  is  amply  justified  in  the 
present  case. 

The  arrangement  of  the  governor  acting  on  the  expansion-gear,  through  the 
steam  starting  gear,  has  a  threefold  advantage,  which  is  difficult  to  secure  by  the 
use  of  an  ordinary  governor: — (1)  It  affords  a  considerable  amount  of  power  for 
working  the  expansion-gear,  which  might  become  difficult  through  a  too  tight 
packing  of  the  glands,  or  imperfect  lubrication  of  the  expansion-slides ;  and  (2)  a 
slight  vertical  movement  of  the  governor,  corresponding  with  a  slight  variation  in 
speed,  may  give  a  considerable  amount  of  travel  to  the  expansion-valve,  so  that 
the  steam  may  be  expanded  only  when  a  certain  determined  speed  is  attained, 
thus  almost  instantly  securing  the  minimum  admission.  The  parts  in  motion  are 
small  in  the  slight  governor  necessary  for  working  the  steam  starting-gear,  so  that 
there  is  no  fear  of  breakage  in  any  part  for  transmitting  motion  to  the  governor,  in 
case  the  engine  should  stop  suddenly. 
*  Trans.  Fed.  Inst.,  vol.  xi  ,  page  213. 
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Comparative  trials  for  ascertaining  the  coal-and-water  consumption  were  made, 
both  with  and  without  expansion,  during  twelve  and  six  working  days  respectively, 
when  coal  was  wound  from  the  thirteenth  level  2,034  feet,  and  from  the  eleventh 
1,627  feet,  below  the  pit-bank,  with  four  tubs  from  the  former  and  two  from  the 
latter,  or  .  involving  a  work  of  2,421,659  foot-pounds  and  1,937,327  foot- 

pounds for  each  tub  respectively;  and  also  when  water  was  being  raised  in  buckets, 
each  of  which  represents  a  work  of  17,041,256  foot-pounds.  Leaving  out  of  the 
question  the  lifts,  practically  of  equal  importance,  for  purposes  other  than  those 
named  above,  and  putting  the  work  performed  in  round  numbers,  it  was  found 
that,  as  regards  water-consumption,  the  ratio  of  the  useful  effect  with  and  without 
expansion  was  0-685,  showing  an  economy  of  31 -5  percent,  in  favour  of  expansion. 
As  regards  the  coal-consumption,  the  ratio  of  useful  effect  without  and  with  expan- 
sion was  0-64S,  showing  a  fuel  saving  of  35"2  per  cent,  in  favour  of  expansion.  Xor 
was  the  saving  negligible  that  was  effected  in  lubricating  the  steam-cylinders 
when  working  expansively,  on  account  of  the  smaller  quantity  of  steam  consumed. 

Moreover,  an  examination  of  the  diagrams,  especially  those  bearing  upon  the 
first  eleven  revolutions,  corresponding  with  the  rising  of  the  cage  from  Xo.  13  to 
Xo.  1 1  level,  shows  that  with  expansive  working  the  throttle-valve  was  kept  wide 
open  during  7  revolutions,  and  only  closed,  and  the  reversing-gear  employed, 
during  the  4  subsequent  revolutions ;  while,  on  the  contrary,  without  expansion, 
the  throttle-valve  was  only  open  during  the  first  4  revolutions,  but  partially 
closed,  and  the  reversing  gear  brought  into  play,  during  the  7  following.  In  fact, 
with  expansive  working  the  throttle-valve  remained  wide-open  during  almost  the 
whole  lift,  the  governor  alone  reducing  the  steam  admission  by  increasing  the 
expansion ;  but,  while  working  with  full  admission,  the  engine  only  maintained 
its  normal  speed  when  the  steam  was  throttled  by  the  shut  off  or  by  the  reversing  - 
valve,  the  consequent  loss  of  load  considerably  reducing  the  useful  effect  of  a 
given  weight  of  steam. 

These  trials  confirm  the  possibility  of  obtaining,  by  expansion-gear  variable  by 
the  governor,  the  economical  working  of  a  winding-engine  much  too  powerful  for 
its  normal  work,  but  whose  maximum  power  may  be  indispensable  under  certain 
circumstances.  J.  W.  P. 


EXPLOSION  AT  THE  HOHEXEGGER  SHAFT,  KARWIX. 

•ubenkataslrophe  im  erzherzoglich  Friedrich'schen  Hohenegger-Schaehte  zu 
Kanoin  am  16 Marz,  1S95.  By  Josef  Bohm.  Oesterreichische  Zeitschrift  fur 
Berg-  it/id  HuUenwesen,  1896,  vol.  xliv.,  pages  409  and  429. 

The  Hohenegger  pit  has  two  shafts,  167  feet  apart,  one  for  winding  and 
pumping  and  the  second  for  ventilating  purposes.  There  are  three  main  levels, 
at  depths  of  460,  560,  and  690  feet  respectively,  the  latter  serving  as  a  hauling 
roadway  and  the  two  former  for  ventilation.  Direct  communication  between  the 
shafts  exists  only  in  the  middle  level.  Six  coal-seams  are  worked,  ranging  from 
3  to  5  feet  in  thickness,  all  of  which  are  dusty  and  fiery.  A  Pelzer  ventilator, 
with  an  average  speed  of  184  revolutions  and  capacity  of  92,000  cubic  feet  of  air 
per  minute,  induced  ventilation  by  exhausting  the  air  in  the  ventilating-shaft. 
For  lighting,  Wolf  benzine  safety-lamps,  with  double  wire  gauzes,  are  employed, 
and  are  tested  regularly.  Explosives  are  used  only  in  extending  stone-drifts, 
none  being  employed  at  all  in  working  the  coal,  and  the  blasting  material — 
dynamite  Xo.  l,with  electrical  fuzes — is  stored  above  ground,  except  the  quantity 
taken  down  by  the  foreman. 
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To  minimize  the  risk  of  coal-dust  explosions,  the  dusty  places  are  sprinkled 
with  water  from  time  to  time,  and  at  the  date  of  the  accident  a  permanent 
installation  for  this  purpose  was  in  course  of  erection  in  the  winding-shaft. 

The  miners  work  in  two  8  hours  shifts,  no  operations,  other  than  the  execution 
of  necessary  repairs,  being  carried  on  between  10  p.m.  and  6  a.m.  Out  of  a  total 
start'  of  about  300  men  per  shift,  only  thirty  are  engaged  in  the  workings  at 
night. 

At  7"40  a.m.  on  Saturday,  March  16,  1895,  the  shock  of  an  explosion  was  felt ; 
smoke  and  dust  ascended  from  the  winding  shaft,  and  directly  afterwards  also 
from  the  ventilatiug-shaft.  The  winding-shed — an  iron  building  57  feet  square — 
was  lifted  bodily  from  the  ground,  but  fell  back  into  its  original  position  ;  the 
iron-plate  floor  of  the  pumping  engine-house  was  destroyed  :  and  other  damage 
done  around  the  mouth  of  the  shaft.  Below  ground,  however,  no  damage  was 
done  in  the  shaft  down  to  a  depth  of  530  feet,  except  that  three  men  working  on 
a  hanging  platform,  98  feet  from  bank,  were  precipitated  into  the  sump  and 
killed.  One  cage  (ascending)  stuck  fast  at  535  feet,  and  the  passage-ways 
below  were  destroyed.  The  ventilating-shaft  suflered  less,  the  only  result  of  the 
accident  being  to  cause  one  of  the  ventilator-bearings  to  run  hot,  without,  how- 
ever, impairing  the  normal  efficiency  of  the  machine. 

The  explosion  caused  the  death  of  fifty-two  men  and  six  horses  in  the  workings, 
in  addition  to  severely  injuring  sixteen  men,  but  its  other  effects  were  com- 
paratively slight,  being  confined  to  two  large  and  three  small  falls,  and  the 
destruction  of,  or  damage  to,  the  air-doors  and  bratticing. 

From  the  duration  of  the  escape  of  smoke  via  the  ventilator,  it  was  at  first 
feared  that  the  pit  had  taken  fire.  A  rescue  part}'  managed  to  descend  to  the  main 
ventilating-level,  and,  by  repairing  the  broken  doors,  prevented  the  short- 
circuiting  of  the  air-current  to  the  upcast  shaft.  Most  of  the  miners,  meanwhile, 
had  made  their  way  up  to  bank  by  the  passage-ways  in  the  shaft,  climbing  up  the 
shaft-timbers  below  the  suspended  cage,  which  fortunately  could  not  be  released 
for  some  little  time,  or  its  descent  would  have  proved  fatal  to  those  escaping  in 
this  manner. 

The  upper  seams  (Johann  and  Carl-Roman)  were  first  visited,  the  second 
level  of  these  seams  being,  according  to  the  miners,  the  nearest  to  the  seat  of  the 
explosion.  It  was  there  found  that  the  accident  originated  in  a  chamber  used  as  a 
store,  and  as  a  resting-place  for  the  foreman  blaster  when  not  engaged  at  his  work. 
In  this  room  the  cartridge-box  was  stored,  and  at  the  time  of  the  accident  there 
were  eighty  long  and  forty  short  cartridges  of  dynamite  No.  1,  and  thirty-four 
electrical  band-fuzes  there.  The  man  on  duty  that  morning  had  been  observed 
thawing  a  frozen  cartridge  at  his  lamp,  the  usual  jacketed  thawing-pan  having 
been  sent  to  the  repairing -shop.  He  was  cautioned  about  the  danger,  but  it  is 
surmised  that  he  continued  to  warm  the  cartridge  until  the  paraffined  paper  case 
caught  fire,  whereupon  he  must  have  fled,  his  dead  body  being  found  in  the  gallery 
outside  the  store-room,  only  slightly  injured.  Altogether  seventy-one  long  and 
twenty  short  cartridges  of  an  aggregate  weight  of  15|  pounds  were  exploded.  The 
force  of  the  explosion  pulverized  a  portion  of  the  adjacent  coal,  and  the  flame  was 
communicated  along  the  dusty  gallery  both  east  and  west,  the  hot  gases  penetrat- 
ing into  the  working-places  westward  and  there  killing  thirteen  men.  Passing 
eastward,  against  the  air-current,  the  explosion  traversed  the  loop  in  the  hauling  - 
way,  and  through  the  loading-place,  branched  into  the  south-eastern  roadway, 
where  it  ceased  at  some  720  feet  from  the  shaft.  It  also  penetrated  into  the 
Carl-Roman  coal-seam,  there  following,  with  undiminished  energy,  the  direction 
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of  the  air-current  mainly  in  a  westerly  direction,  and  causing  the  death  of  the 
thirty  men  engaged  in  the  western  part  of  the  workings.  Another  section  of  the 
Roman  seam  to  the  east  of  the  ventilating-shaft  was  also  affected,  four  bodies  being 
found,  and  three  men  injured,  one  of  whom  died  during  his  removal  to  the  shaft. 

The  entire  space  affected  by  the  explosion  amounted  to  about  one-third  of  the 
whole  pit,  and  the  deaths  to  60  per  cent,  of  the  men  employed  within  the  zone  of 
the  disaster,  or  18  per  cent,  of  the  whole  staff  in  the  shift. 

The  direction  traversed  by  the  explosion  was  indicated  by  the  accumulations  of 
ash  and  coke  on  the  uprights,  the  former  from  fully-burnt  dust,  and  the  latter 
resulting  from  a  slower  action  of  the  flame,  as  would  appear  from  its  occurring 
chiefly  at  crossings  and  in  open  spaces.  An  examination  of  the  dust  embedded  on 
the  vertical  timbers  showed  it  to  consist  of  some  335  Per  cent,  of  ash  as  compared 
with  18|  per  cent,  of  the  normal  coal-dust  in  the  pit,  a  loss  of  about  7  per  cent,  of 
volatile  matter  being  being  recorded  at  the  same  time.  The  explosive  nature  of 
this  dust  was  shown  by  some  experiments  carried  out  at  the  testing-station  of  the 
Ferdinands-Nordbahn  at  Mahrisch-Ostrau.  where  25  ounces  of  dynamite  exploded 
in  presence  of  4-4  lbs.  of  this  coal-dust  produced  a  violent  explosion,  accompanied 
by  a  strong  flame  about  65  feet  in  length.  This  experiment  sufficiently  explains 
the  extent  of  the  accident  of  March  16th.  Moreover,  the  composition  of  the  air  of 
the  pit  in  the  fortnight  preceding  the  accident  precluded  the  possibility  of  fire-damp 
having  played  any  chief  part  therein,  an  opinion  deriving  additional  confirmation 
from  the  fact  that  only  one  shock,  that  of  the  dynamite  explosion,  was  felt. 

C.  S. 


DETONATORS  FOR    EXPLOSIVES. 

Zur  V&rhiitung  von  ScMagwetter-und  Kohlenstaub  Explosionen.     By  M.  Ruckgabeb. 
Oesterreichische  Zeitschrift  fur  Berg-  und  HuUenwesen,  1895,  vol.  xliii.,  page,  53. 

The  author  bases  his  remarks  upon  Mr.  Larnpreckt's  paper  on  the  prevention  of 
explosions  in  mines,*  but  he  confines  himself  to  a  consideration  of  the  various 
methods  of  ignition  employed  in  blasting.  Of  these  there  are  two  kinds,  external 
and  central.  To  fire  the  fuze  from  the  centre  by  means  of  an  electric  wire  is  a 
method  long  in  use  among  mining  engineers,  but  it  is  not  much  in  favour,  on  account 
of  the  cost,  frequent  miss-fires,  and  the  sparks  generated  in  mines  containing  fire- 
damp, which  can  only  be  avoided  by  great  care  in  laying  the  wires.  If  the  Lauer 
method  of  ignition  by  friction  be  substituted  for  central  electric  ignition,  these 
difficulties  are,  to  a  certain  extent,  overcome,  but  the  process  is  open  to  danger, 
due  to  manipulation  and  wear,  and  has  not  hitherto  been  much  used.  The  stricter 
and  more  comprehensive  the  regulations  for  the  traffic  in  explosives,  the  greater  is 
the  danger  of  an  accident,  if  they  be  set  aside. 

The  Tirmann  percussion-fuze  is  another  attempt  to  replace  electric  ignition  by 
a  safe  and  economical  method  of  central  firing.  In  it  the  capsule  is  separated  from 
the  igniter,  and  thus  there  is  no  danger  in  transport,  as  with  the  Lauer  fuze.  The 
author  himself  saw  several  thousand  shots  fired  at  the  Fohnsdorff  mines  in  Upper 
Austria  with  the  Tirmann  fuze,  and  not  a  single  accident  occurred.  Out  of  1,99S 
shots,  there  were  only  twelve  miss-fires,  and  400  shots  were  fired  in  succession 
without  a  failure.  Apparently  the  greatest  objection  to  the  Tirmann  system  is 
that  a  miss-fire  might  cause  an  accident,  because  if  the  percussion-pin  were  wedged 
it  might,  while  one  is  trying  to  extract  it,  become  loosened.  This  cannot  happen 
with  the  Lauer  fuze,  nor  is  it  likely  with  the  Tirmann,  because  of  the  smooth  inner 

*  Trans.  Fed.  Inst.,  vol.  x.,  page  552. 
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surface  and  peculiar  shape  of  the  pin.  When  this  fuze  was  introduced  in  1894  it 
did  occasionally  miss-tire,  but  it  was  always  possible  to  withdraw  it  carefully  in 
the  usual  way,  and  no  irregular  explosions  took  place.  The  rounded  crook  and 
weakening  of  the  end  of  the  fuze,  which  caused  the  mischief,  have  now  been  im- 
proved, and  the  danger  described  by  Mr.  Lamprecht  does  not  exist.  Even  now, 
before  its  superiority  has  been  established  by  repeated  experiments,  the  author 
considers  this  fuze  better  than  others.  Miss-fires  are  a  disagreeable  accompani- 
ment of  every  method  of  tiring,  and  the  Bickford  quick  match  itself,  although  so 
famous,  shows  a  higher  percentage  than  the  Tirmann.  The  separation  of  the  cap- 
sule from  the  fitze  gives  it  an  advantage  over  the  Lauer,  and  it  must  be  regarded 
as  a  distinct  step  in  advance,  as  compared  with  other  explosives.  B.  D. 


DANGERS  OF  BLASTING  IN  FIERY  MINES. 

Die  Bestrebungen  zur  Verminderung  <hr  Gefahren  der  Sprengarbeit  in  Gruben  mit 
scMagenden  Wettern.  By  Fraxz  Brzezowski.  Oeaterreichische  Zeitschrift 
far  Berg-  und  Hattenwesen,  1S96,  vol.  xliv.,  pages  1-4. 

The  chief  progress  in  this  direction  is  to  be  looked  for  in  the  employment  of 
good  central-fire  fuzes  and  safety-explosives.  To  the  former  class  belong  the 
electric  fuzes  actuated  by  currents  too  weak  to  ignite  fire-damp  ;  the  Tirmann 
pereussion-detonater,  which  has  a  record  of  only  0"2  per  cent,  of  miss-fires  from 
400,000  shots,  the  improved  Lauer  friction-detonator  and  the  new  lime-detonator 
with  water-cartridge,  recently  introduced  by  Mr.  Jaroljmek.  These  allow  the 
charge  to  be  fired  without  risk  of  communicating  flame  to  the  surrounding  fire- 
damp. 

More  difficult  to  prevent  is  the  ignition  of  the  fire-damp  by  the  explosive  charge 
itself.  The  danger  may  be  diminished  by  employing  an  explosive  charge  not  too 
powerful  for  the  work  which  it  has  to  perform  (so  that  all  the  evolved  heat  may 
be  used  up  as  work) ;  by  restricting  the  diameter  of  the  bore-hole  to  correspond 
with  the  cartridge  ;  by  the  method  of  packing  the  cartridge — in  this  connexion 
celluloid  parchment -paper,  asbestos  paper,  or  paper  soaked  in  water-glass  may  be 
characterized  as  good,  paper  impregnated  with  ceresine  being,  on  the  other  hand, 
bad — and  by  selecting  the  detonator  with  due  regard  to  the  charge  to  be  exploded. 
Here,  it  has  been  shown  that  whilst  a  17 '64  ounces  charge  of  westfalit  exploded 
by  a  15 '43  grains  detonator  did  not  ignite  a  7  per  cent,  mixture  of  fire-damp  and 
ah',  a  10-58  ounces  charge  fired  by  a  46"23  grains  detonator  causes  an  explosion  of 
the  same  gaseous  mixture.  The  method  of  tamping,  too,  as  shown  by  the 
photographs  taken  by  Mr.  Siersch,*  affects  the  safety  of  the  shot,  moss  acting 
particularly  well  in  this  respect. 

Safety-explosives,  generally,  consist  of  ammonium  nitrate  (up  to  96  per  cent.) 
along  with  aromatic  hydrocarbons  (benzole,  naphthaline,  aniline)  or  nitro- 
compounds of  these,  as  well  as  resin  or  fat.  Their  safety  consists  in  an 
insusceptibility  to  explosion  by  flame  or  shock,  since  neither  handling  with  tongs 
of  red-hot  iron,  nor  exposure  to  the  hydrogen-blowpipe  flame  does  more  than  cause 
them  to  fuse  and  burn  away  with  a  short  flame,  a  strong  blasting  detonator  being 
required  to  ignite  them.  They  have  the  advantage  over  dynamite  of  not  becoming 
■so  readily  frozen.  Their  explosibility  varies  inversely  with  their  density  :  for 
example,  neither  a  dynamite-fuze  nor  a  30-86  grains  detonator  will  ignite  a 
safety-cartridge  having  a  density  of  1*6  to  17,  the  most  suitable  density  being  0-8. 
"  Trans.  Fed.  Inst,,  vol.  xi.,  page  2. 
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The  dispersive  power,  and  therefore  the  danger,  increases  with  the  proportion  of 
hydrocarbons,  and  with  the  strength  of  detonator  used  ;  on  the  other  hand, 
ammonium  oxalate  and  the  salts  of  chlorine,  bromine,  and  iodine  diminish  both  the 
strength  and  danger  of  the  explosive. 

Among  their  drawbacks  may  be  signalized  the  low  specific  gravity,  necessitating 
bore-holes  of  larger  size  ;  and  their  hygroscopic  character,  which,  however,  may  be 
guarded  against  by  careful  packing. 

It  is  considered  that  Mr.  Siersch's  photographic  method  will  afford  valuable 
aid  in  determining  the  relative  security  of  safety-explosives.  As  an  example  of 
the  safety  of  progressit  the  following  may  be  cited  : — 5"29  ounces  of  progressit 
exploded  by  a  30  "S6  grains  detonator  and  lying  in  6  6  pounds  of  coal-dust  in  an 
atmosphere  containing  2\  per  cent,  of  gas,  caused  no  explosion  of  the  latter, 
whereas  10 "58  ounces  of  dynamite  No.  1  produced  a  powerful  explosion. 

The  same  amounts  of  progressit  and  coal-dust  with  a  15  "43  grains  detonator 
failed  to  ignite  the  very  dangerous  amount  of  10  per  cent,  of  gas,  although  the 
test  was  repeated  ten  times.  When  a  3086  grains  detonator  was  used  an 
explosion  of  gas  resulted  on  two  occasions,  but  not  in  the  other  two  repetitions  of 
the  test.  Even  14-11  ounces  of  progressit  failed  to  ignite  a  7  per  cent,  mixture  of 
air  and  fire-damp  when  fired  with  a  30  86  grains  detonator  under  similar  conditions. 

C.  S. 


PERCUSSION-DETONATORS. 

Die  Percussions-Zundung,  System  Tirmann.    By  Joseph  Popper.    Oesterreichische 

Zeitschrift  fur  Berg-  und  Huttenwesen,  1S95,  vol.  xliii.,  })age  188. 

One  of  the  chief  objects  of  the  modern  science  of  blasting  is  to  discover 
explosives  for  mines  which  will  not  ignite  fire-damp  and  coal-dust,  and  with 
them  a  safe  and  certain  method  of  ignition  is  also  recruired.  Among  the  various 
sj-stems,  the  author  considers  the  Tirmann  percussion-detonator  one  of  the  best. 
The  fuze  consists  of  a  metal  shell  or  cap  containing  a  spiral  spring,  and  a  knob 
connected  to  the  hooked  ignition-wire.  The  spring  is  pressed  together  until,  as 
the  priming-wire  gradually  works  out,  the  spring  expands,  drives  the  knob  against 
a  capsule,  and  tires  the  detonator.  The  invention  was  first  tested  in  the  deep 
shaft  of  a  Moravian  colliery,  and  showed  the  advantages  of  percussion-detonators 
for  blasting,  especially  as  regards  certainty  of  ignition.  Out  of  more  than  500 
detonators  fired,  there  were  at  first  10  per  cent,  of  miss-fires.  To  improve  the 
apparatus,  the  priming  wire  was  coppered  over,  and  made  much  stronger,  to 
prevent  it  from  being  cut  against  the  sharp  edges  of  the  shot-hole.  The  small 
piston  connected  to  the  knob  was  lengthened,  to  make  it  deliver  a  more  direct 
blow  against  the  detonator,  the  knob  steeled  and  sharpened,  and  the  percussive 
force  increased  by  strengthening  the  spring.  Experiments  on  this  improved  fuze 
gave  3-3  per  cent,  of  miss-fires,  with  capsules  \  inch,  and  a  priming- wire  4 
feet  long.  Most  of  the  miss-fires  were  due  to  the  composition  of  the  capsules, 
which  were  not  rich  enough  in  explosive  material.  This  was  remedied,  and  the 
capsules  were  so  arranged  as  not  to  touch  the  knob.  The  priming  wire  was  made 
6  feet  long,  that  blasting  might  be  carried  out  either  in  the  thill  or  the  roof  of 
deep  mines,  and  the  results  showed  1  "25  per  cent,  of  miss-fires  in  one  case,  and 
0-6  per  cent,  in  another.  At  first  it  was  feared  that  the  wire  might  break,  but 
this  has  never  happened,  and  after  a  miss-fire  a  new  detonator,  with  a  percussion- 
cartridge,  has  been  refixed  and  fired  without  danger.  It  is  necessary  to  connect 
the  fuze  to  the  cartridge,  and  embed  it  in  clay ;  the  latter  is  a  point  to  which  too 
little  attention  is  usually  paid. 
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The  advantages  of  the  Tirmann  over  the  Bickford  and  Lauer  fuzes  are  that 
flying  sparks  are  avoided,  it  is  simpler,  easier  of  manipulation,  and  more  certain 
of  effect.  As  the  fuze  is  adjusted  on  the  spot,  while  being  rammed,  premature 
explosions  cannot  occur. 

For  simplicity,  economy,  and  precision  of  firing,  it  compares  favourably  with 
electricity.  In  the  same  mine,  the  percentage  of  miss-fires  with  electric  ignition 
was  1-7  per  cent,  in  1S93,  and  2*2  per  cent,  in  1894.  The  favourable  opinion 
entertained  of  the  Tirmann  fuze  when  it  first  appeared  in  1889  has  been  justified 
with  its  present  improvements,  and  it  is  already  used  not  only  in  the  Witkowitz 
mine,  but  in  several  others  in  the  Ostrau-Karwin  district.  B.  D. 


DELAYED  IGNITION  OF  GRISOUNITE  CARTRIDGES. 
Accidents  survenus  par  suitt    d' Explosion   tardive  de   Cartouches   de    Grisounite. 
By  —  Sarrau.     Report  de  la  Commission  dv.  Grisou.     Annates  des  Mines, 
1896,  vol.  x. ,  £>a#e  126. 

In  February,  1896,  the  French  Minister  of  Public  Works  requested  the  opinion 
of  the  Fire-damp  Commission  as  to  an  accident  which  happened  on  December  20th, 
1895,  in  the  No.  1  Chatelus  pit  of  the  Beaubrun  colliery,  where  a  man  was  slightly 
injured  by  the  delayed  explosion  of  a  mine-shot  charged  with  grisounite.  Accord- 
ing to  the  official  report,  three  shot-holes,  put  into  the  same  working-face,  had 
each  been  charged  with  3£  ounces  of  grisounite-couche,  which  is  composed  of  95£ 
parts  of  ammonium  nitrate  and  ih  parts  of  tri-nitronaphthaline,  to  be  detonated 
with  2315  grains  of  fulminate.  When  fh'e  was  put  to  the  fuzes,  the  three  men  of 
the  working-place,  sheltered  in  the  immediate  neighbourhood,  heard  "three 
very  distinct  detonations,  the  two  first  almost  simultaneous  and  the  third,  duller 
than  the  others,  two  or  three  seconds  afterwards."  They  returned  to  the  working- 
place  ;  but  at  the  moment  they  reached  the  face  one  of  the  shots,  which  was  still 
smoking,  wounded  one  of  them  in  the  face.  It  would,  therefore,  appear  that  the 
shot  went  off  twice,  the  second  explosion  having  been  preceded  by  a  partial  one. 

Inasmuch  as  three  other  similar  cases  had  been  reported,  the  circumstance  was 
considered  worthy  of  investigation  ;  and,  as  the  facts  appear  sufficiently  well 
established  for  deducing  from  them  a  plausible  explanation,  it  will  be  well  to  re- 
call the  phenomena  connected  with  explosive  decompositions.  A  great  cause  of 
variation  in  the  decomposition  of  an  explosive  results  from  the  pressure  to  which 
the  products  may  be  subjected  during  the  reaction.  Dynamite,  and  nitrated  ex- 
plosives generally,  fuse  slowly  when  freely  exposed  to  the  ah",  while  giving  out  a 
large  quantity  of  nitrogen  dioxide  ;  but  the  same  substances  fired  in  a  strong  and 
close  chamber  decompose  rapidly  without  producing  a  trace  of  nitrogen  dioxide. 
Moreover,  the  second  and  explosive  mode  often  subvenes  when  some  external 
circumstance  increases  the  pressure  by  hindering  the  disengagement  of  gases  ;  and 
this  circumstance  accounts  for  the  accidents  that  have  ensued  from  burning  dyna- 
mite-cartridges in  the  open  air,  or  endeavouring  to  obtain  in  tubes  the  fusing 
combustion  of  such  substances  as  picrate  of  ammonium. 

The  reaction  brought  about  by  fulminate-of-mercury  detonators  does  not  differ 
from  that'  caused  by  ignition  in  a  close  chamber  under  great  pressure  ;  but  the 
decomposition  is  propagated  with  such  rapidity  that  the  whole  mass  tends  to 
decompose  in  a  volume  differing  but  little  from  the  original,  thus  producing 
enormous  pressure  even  in  the  open  air  or  with  slight  tamping.  Defects  in  the 
detonator  may  cause  a  charge  to  fuse  slowly,  instead  of  exploding,  the  explosive 
decomposing  in  the  manner  characteristic  of  slight  pressures,    while  producing 
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dioxide  of  nitrogen.  In  this  respect  nitrate  of  ammonium  is  specially  insensible  ; 
and  the  explosive  property  of  grisounite  is  only  due  to  the  small  quantity  of  nitro- 
naphthaline  which  it  contains. 

The  Beaubrun  accident  appears  difficult  to  account  for,  as  the  shot-hole  was 
only  charged  with  a  single  cartridge  ;  but  it  must  be  supposed  that  some  chance 
irregularity  in  the  constitution  of  the  charge  sufficed  to  oppose,  to  the  propagation 
of  the  explosion,  an  obstacle  etpiivalent  to  that  which  might  be  caused  by  absence 
of  contact  between  two  cartridges. 

Considering  the  special  advantages,  in  fiery  mines,  in  favour  of  the  grisounites, 
and  dynamites  with  nitrate  of  ammonium  generally,  it  would  appear  that  the 
accidents  due  to  the  slight  sensitiveness  of  these  explosives  are  too  few  and 
unimportant  to  cause  their  interdiction ;  and  the  only  measures  that  seem 
advisable  are  to  inform  mine-owners  of  the  accidents  recorded,  their  circumstances 
and  their  probable  explanation,  and  also  to  impress  upon  inspectors  of  mines  the 
advisability  of  investigating  and  reporting  upon  similar  accidents.  At  the  same 
time  mine-owners  should  warn  their  men  using  grisounites,  or  similar  explosives, 
to  allow  a  few  minutes  to  elapse  before  returning  to  a  shot  when  they  notice 
any  indication  of  incomplete  explosion.  J.   W.  P. 


COMPOSITION  OF  FIRE-DAMP. 

By  M.  Schloesing,  Jrx.     Comptes  Rendus  Hebomadaires  des  Seances  de  I'Acaddmii 
des  Sciences,  1896,  vol.  cxxii.,  pages  398-400. 

The  author  analysed  a  number   of  samples  of  fire-damp  from  typical  French 

mines,  with  the  view  of  ascertaining  whether  they  contained  other  combustible 

gases  than  methane.     In  each  sample  the  carbon  dioxide  and  oxygen  were  first 

determined,  and  the  remaining  gas  containing  the  nitrogen  and  the  part  entirely 

combustible   was   then   submitted  to  a  very  careful   eudiometric  analysis.     The 

results  are  given  in  the  following  table : — 

Per  100  Vole,  of 


Source  of  the  Samples. 

Per  100  Vols. 

of  the  Samples. 

Entirely  ( 
ble  Gas  1 
the  Eudi 

Contrac- 
tion. 

Jombusti- 
-lurnt  in 
ometer. 

Carbon 
Dioxide. 

Oxy- 
gen. 

Nitro- 
gen. 

Combusti 
ble  Gas. 

Carbon 
Dioxide 

1. 

Anzin,  Herin  pit 

0-4 

0-5 

2-2 

96-9 

200-4 

100-8 

2 

,,        Renard  pit,  476  metres  level 

o-o 

o-i 

3-5 

96-4 

201-4 

101-9 

3. 

546 

0-3 

o-o 

9-5 

90-2 

200-6 

100-4 

4. 

( irand'  Combe.  Oules  pit 

1-1 

9-5 

16-6 

81-8 

200-9 

100-2 

5. 

,,           ,,        Ravin  pit    ... 

•2-6 

0-4 

10-2 

86-8 

200-7 

100-7 

6. 

,,           ,,        Foret  pit      

4-1 

o-o 

7-1 

88-8 

201-0 

101-3 

7- 

,,           ,,        Pontil  pit    ... 

2-7 

o-i 

8-7 

88-5 

201-8 

100-5 

8. 

„            ,,         Trets  pit 

3-3 

0-8 

14-8 

81-1 

201-5 

100-5 

9. 

Steel- works  of  France 

1-1 

0-3 

7-4 

91-2 

201-7 

1007 

10. 

Compagnac 

07 

o-o 

6-8 

92-5 

200-3 

100-5 

11. 

Saint -Etienne 

0-4 

01 

4-9 

94-6 

202  0 

100-7 

12. 

Plat-de-Gier   ... 

1-0 

0-2 

20-2 

78-6 

200-9 

100-8 

13. 

Roche  la  Moliere  et  Firminy 
Average 

0-9 

o-o 

9-2 

89-9 

201-6 
201-1 

100-5 

100-7 

14. 

Ronchamp,  Chanois  pit 

0-7 

00 

6-6 

92-7 

202-3 

102-7 

15. 

,,                 ,,         ,, 

1-2 

0-1 

8-1 

90-6 

203-2 

102-6 

16. 

Blanzy ... 

37 

0  9 

39-8 

55 -6 

203-7 

104-3 
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Carbon  dioxide  was  generally  found  in  very  small  proportions,  and  might,  more- 
over, arise  partly  from  the  water,  by  means  of  which  the  samples  were  collected. 
Oxygen  forme  J  a  still  smaller  proportion,  and  might  arise  from  the  water  or  the 
admission  of  small  quantities  of  air  into  the  bottles  in  which  the  samples  were 
carried.  Nitrogen  was  present  in  very  variable  proportions,  and  often  very  high; 
it  could  not  all  proceed  from  the  water  nor  from  entries  of  ah-  into  the  bottles  ;  and 
atest  part  pre-existed  in  the  fire-damp  at  the  time  of  its  collection.  The 
proportion  of  nitrogen  present  was  very  carefully  determined  by  another  process, 
which  confirmed  the  accuracy  of  the  determination.  The  origin  of  the  nitrogen  is 
attributed  to  the  penetration  of  atmospheric  air,  of  which  the  oxygen  had  been 
absorbed  by  the  coal.  To  confirm  this  conclusion  tests  were  made  for  argon,  and 
Id  of  that  gas  was  found  per  100  of  nitrogen,  which  is  nearly  the  same  as  that 
found  by  the  author  in  atmospheric  nitrogen. 

With  reference  to  the  contraction  observed  and  the  carbon  dioxide  produced, 
the  theoretical  figures  for  pure  methane  should  be,  contraction  200  and  carbon 
dioxide  100,  but  the  results  obtained  from  a  check  experiment,  in  which  chemically 
prepared  methane  was  used,  gave  contraction  201  d  and  carbon  dioxide  100'4, 
that  is  to  say,  figures  quite  similar  to  those  obtained  with  fire-damp.  It  is,  there- 
fore, concluded  that  none  of  the  samples,  save  Nos.  14,  15,  and  16,  contained  any 
appreciable  quantity  of  combustible  gas  other  than  methane.  The  results  relating 
to  Xos.  14,  15,  and  16,  verified  by  numerous  analyses,  may  be  explained  by  the 
presence  of  a  small  quantity  of  ethane  (from  2  to  4  per  cent).  Finally,  it  may 
generally  be  considered  in  practice  that  the  combustible  portion  of  fire-damp  con- 
sists simply  of  methane,  although  it  happens  sometimes  to  contain  a  small  but 
sensible  proportion  of  some  other  hydrocarbon.  W.   N.  A. 


COMBUSTIBLE  GAS  IN  A  NON-FIERY  MINE. 

Noli-,  sur  vne  Flambe'e  de  gaz  survenue  au  Puits  Marseille,  Mines  de  HouiUe  de 
Mont rami bert.     By   — ■  Leprocx.     Annates  des  Mines,  1895,  vol.   riii.,  page  31. 

On  July  21st,  1894,  a  small  blower  of  gas  occurred  in  a  cross-cut,  at  the  level  of 
1,498  feet  in  the  Marseille  pit  of  the  Montrambert  colliery,  Loire,  France,  slightly 
burning  a  man  engaged  in  driving  this  cross-cut,  to  effect  a  junction  with  the 
sump  of  the  Marseille  shaft.  Naked  lights  were  exclusively  used  in  the  workings, 
the  third  brtilanti  coal-seam  having  never  been  found  to  give  out  fire-damp  in  this 
district.  BjT  way  of  precaution,  however,  the  overmen  of  each  working-place 
carried  safety-lamps,  and  were  ordered,  after  each  cessation  from  work,  to  try 
each  working-place  with  the  lamp  before  allowing  the  men  to  enter  with  naked 
lights. 

The  sump  of  the  Marseille  shaft  had  never  been  cleaned  out  ;  and,  since  1889, 
all  sorts  of  rubbish,  wood,  straw,  coal,  gob-material,  lubricating-oil,  dung,  etc., 
had  accumulated  therein,  rising  to  a  height  of  41  feet,  covered  by  water.  A  hole 
bored  in  advance  of  the  cross-cut  and  directed  upwards,  15  feet  long  and  l\ 
inches  in  diameter,  terminated  in  the  sump  24  feet  above  the  bottom.  The 
boring  was  finished  during  the  night  between  July  17th  and  18th,  1894  ;  and  the 
water  at  once  began  to  flow  through  the  hole,  having  traversed  the  whole  mass  of 
rubbish  accumulated  in  the  sump,  and  giving  out  a  fetid  odour.  As  the  hole  was 
liable  to  be  stopped  up  by  the  rubbish,  the  men  were  told  to  keep  it  clear  from 
time  to  time,  in  order  to  ensure  a  regular  flow. 

On  July  20th,  about  6  p.m. ,  the  contractor  for  driving  the  cross-cut  tried  the  work- 
ing-place for  gas  with  his  lamp,  while  two  men  waited  for  him  at  the  junction  with 
the  cross-cut,  at  the  level  of  1,496  feet.     As  nothing  unusual  was  noticed,  the  men 
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set  to  work  at  the  cross-cut,  being  at  9  p.m.  relieved  by  a  third  man,  who  with 
the  contractor  continued  the  work  ;  and  about  1-30  a.m.  the  two  withdrew  to  rest 
at  the  junction.  At  2-30  a.m..  the  man  returned  alone  to  the  face,  and,  after 
having  worked  about  two  hours,  went  towards  the  bore-hole  to  see  if  the  water 
was  flowing  freely.  In  order  to  see  better,  he  was  going  to  hitch  his  open  lamp 
on  to  the  horizontal  timber  of  the  last  sett  of  timber  ;  but  at  the  same  instant  a 
flash  burnt  him  slightly  on  the  face,  chest,  and  arms.  He  immediately  went 
towards  the  contractor,  who  came  to  meet  him,  having  heard  an  explosion, 
though  his  naked  light  had  been  extinguished  by  the  rush  of  air.  A  man  who 
had  a  safety-lamp  at  once  tried  the  face  in  front  of  the  air-pipes,  in  an  unventilated 
cul-de-sac  about  47  feet  long,  without  finding  any  trace  of  inflammable  gas  :  but, 
on  presenting  his  lamp  to  the  orifice  of  the  bore-hole,  so  much  gas  issued  as  to 
extinguish  his  lamp. 

It  is  difficult  to  admit  that,  if  the  measures  in  which  the  cross-cut  was  driven 
gave  out  gas,  it  should  not  have  been  perceived  between  July  ISth  and  21st  :  but 
the  various  considerations  detailed  by  the  author  lead  to  the  belief  that  the 
disengagement  in  question  was  one  of  marsh  gas  generated  by  the  mud  and 
rubbish  accumulated  at  the  bottom  of  the  sump,  and  that  it  issued  from  the 
bore-hole  as  soon  as  the  water  had  nearly  all  run  off.  J.   W.   P. 


DISENGAGEMENTS  OF  INFLAMMABLE  GAS  FROM  MINES  OF 

PLASTIC  CLAY. 

(1.)    Note  sur  des  Degagements  de  Gfaz  inflammables  survenus  dans  les   Oarrieres 

d'Argile  rejractaire  de  Bollene.     By  —  Oppermaxx.      Annates  des  Mire:*, 
1S95,  vol.  viii. ,  page  5. 

During  the  last  few  years,  sudden  outbursts  of  inflammable  gas  have  occurred 
iu  the  workings  of  the  fireclay  mines  at  Noyeres  and  Jonquerolles,  2  miles  to 
the  south-west  of  Bollene,  where  the  deposit  forms  a  small  basin  about  5,000  feet 
long  by  1,000  feet  wide,  bearing  north-east  and  south-west.  The  fireclay  beds, 
undulated  and  divided  into  three  distinct  basins,  are  much  inclined  on  the  north- 
east, as  also  are  the  white  sand  on  which  they  rest.  The  maximum  thickness  of 
the  bed  is  65  feet,  of  which  40  feet  are  workable.  In  the  centre  of  the  basin,  the 
winding-shafts  encounter  the  clay  at  a  mean  depth  of  100  feet  ;  and  their  total 
depth  may  be  160  feet.  The  fireclay,  of  good  quality,  is  grey  in  colour ;  and,  at  the 
bottom  of  the  stratum,  when  in  contact  with  the  white  sand,  it  is  generally  varie- 
gated and  then  pink-coloured,  being  sometimes  replaced  by  a  soft  sandstone.  The 
white  sand  contains  much  water,  so  that  great  care  is  taken  not  to  work  the  fire- 
clay beyond  the  variegated  portion  ;  but  the  workings  are  often  invaded  by  water, 
which  penetrates  through  the  fissures,  traversing  the  clay,  in  which  case  the  shaft 
is  abandoned  until  the  spaces  are  partly  filled  by  the  clay  It  is  also  by  virtue  of 
this  natural  gobbing,  due  to  the  plasticity  and  progressive  subsidence  of  the  clayey 
mass,  that  the  deposit  may  be  worked  over  its  whole  thickness  while  keeping  to 
the  same  level.  When  the  shaft  is  put  down  to  the  lower  portion  of  the  workable 
deposit,  a  gallery  is  driven  from  the  bottom  to  a  length,  generally  from  30  to  160 
feet,  depending  on  the  thrust  against  the  timber  supports.  Working-places  are 
driven  right  and  left  of  the  drift  when  this  can  be  done  without  danger ;  and, 
when  the  thrust  becomes  too  great,  the  men  work  back  towards  the  shaft,  taking 
out  as  much  of  the  timber  as  possible.  Fresh  drifts  are  then  driven  in  other 
directions  ;  and  in  about  a  year  the  first  drift  is  sufficiently  filled  up  for  a  new  one 
to  be  driven  in  its  place,  so  that  working  can  be  carried  on  several  times  in 
succession  at  the  same  points. 
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It  is  only  when  Hearing  old  workings,  that  have  been  abandoned  owing  to 
incursions  of  water,  that  disengagements  of  inflammable  gas  occur  ;  and  it  is 
always  noticed  that  the  excavations  where  gas  is  found  contain  much  prop-wood 
that  could  not  be  taken  out  on  account  of  the  suddenness  of  the  inburst. 
Although  the  quarries  were  worked  before  1840,  the  gas  disengagements  were  not 
noticed  before  1866,  after  which  they  have  continued  at  variable  intervals.  This 
phenomenon  only  occurs  in  the  working-places  approaching  old  workings  that 
have  been  incompletely  tilled  by  the  clayey  mass,  denoting  the  near  proximity  of 
cavities  in  which  the  gas  has  accumulated  under  pressure,  escaping  violently 
through  fissures  and  being  accompanied  by  a  characteristic  whistling  sound.  The 
men  light  the  blower  with  their  lamps  and  allow  it  to  burn  out,  one  having 
burnt  for  5  days  ;  and  the  blue  flame,  edged  with  yellow,  is  identical  with  that 
given  out  by  the  combustion  of  hydrocarbons. 

The  fireclay  contains  no  organic  matter  the  decomposition  of  which  can 
generate  methane  ;  nor  does  the  gas  come  from  the  depths  of  the  earth.  It  is 
possible  that  the  white  sand  contains  lignite-seams  ;  but  lignite  cannot  give  out 
methane.  The  fact  that  the  gas  always  proceeds  from  old  workings  containing 
prop-wood,  being  more  abundant  with  poplar  than  with  pine  or  oak  props,  leads 
to  the  supposition  that  the  gas  is  generated  by  the  decomposition  of  the  timber, 
after  the  manner  of  the  fermentation  of  which  cellulose  is  susceptible. 

J.  W.  P. 


(2)  Note  sur  des  Ddgagements  de  Gaz  inflammables  survenus  dans  les  Glaisieres  de 
Vanves  e'  de  Malakoff,  Seine.  By  —  Humbert.  Annates  des  Mines,  1895, 
roJ.  viii.,  page  19. 

The  clay-bed  worked  in  the  environs  of  Paris,  overlain  by  the  coarse  limestone, 
is  divided  into  two  parts  by  a  band  of  tolerably  compact  blackish  sand,  known  by 
the  name  of  cendrier.  Between  the  lower  limestone-beds  and  the  clay  is  a  water- 
level,  a  second  being  met  with  at  the  base  of  the  blackish  sand,  in  which  a  large 
quantity  of  iron  pyrites  is  found,  while  the  clay  itself  is  ferruginous.  The  lower 
and  less  pure  bed  contains  lenticular  masses  of  lignite,  often  accompanied  by  pyrites. 

The  clay  is  generally  worked  by  shafts  and  headings,  a  main  gallery  being 
driven  from  the  bottom  of  the  shaft  into  the  mass  of  clay,  from  which  workings 
are  driven  at  right  angles.  For  preventing  the  overlying  clay  from  filling  up  the 
headings,  careful  timbering  is  necessary,  notwithstanding  which  the  workings 
cannot  be  pushed  forward  too  far  from  the  shaft  without  compromising  the  mine, 
as  clay  constantly  tends  to  fill  up  the  spaces.  Ventilation  is  effected  by  a  stove 
at  the  bottom  of  the  shaft,  with  its  chimney  rising  to  the  sm'face,  exceptionally 
supplemented  by  a  fan.  When  the  headings  cannot  be  driven  farther  from  the 
shaft,  they  are  abandoned,  as  much  of  the  timber  being  taken  out  as  possible  ; 
and,  after  a  few  years'  working,  they  can  be  resumed  in  the  same  place  without 
any  traces  of  the  former  excavations  being  found. 

On  September  10th,  1894,  in  an  underground  clay-pit  at  Malakoff,  near  Paris,  an 
accident,  resembling  a  fire-damp  explosion,  was  caused  by  the  ignition  of  gas  that 
had  accumulated  in  the  workings  ;  and  other  similar  disengagements  have  occurred, 
but  always  in  the  old  quarries  that  have  been  wrorked  at  successive  periods.  It  is 
not  rare  for  the  gas  to  escape  with  a  whistling  sound  from  natural  fissures  or  move 
frequently  from  the  advance-holes  bored  for  detecting  pockets  of  water  in  the 
old  workings.  In  most  cases  the  men  set  fire  to  the  blower,  while  lying  on  the 
floor,  when  a  flame  of  greater  or  less  length  is  maintained  for  a  few  minutes.  The 
gas  is  not,  however,  always  inflammable,  and,  if  not  lighted  at  once,  may  spread 
itself  over  the  working-places  and  be  ignited  by  the  candles,  when  an  explosion 
will  take  place,  serious  in  proportion  to  the  length  of  time  that  the  gas  has 
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accumulated.  On  one  occasion  when  a  man,  let  down  in  a  bucket  by  a  windlass, 
was  being  drawn  up  after  igniting  the  gas,  he  was  blown  completely  out  of  the 
shaft,  SO  feet  deep,  and  fell,  burnt  and  lifeless  on  the  surface,  while  the  men 
turning  the  windlass  and  two  others  were  blown  to  considerable  distances.  In 
all  cases,  the  gas  under  pressure  escapes  from  pockets  that  can  only  be  due  to  the 
spaces  left  by  former  workings,  all  the  disengagements  having  taken  place  in  old 
clay-pits.  The  inflammable  gas,  which  is  evidently  mingled  with  ah'  in  the 
pockets  and  gives  out  a  special  odour,  must  be  attributed  to  the  decomposition  of 
pitwood  left  in  the  abandoned  workings.  It  is,  however,  by  some  persons 
attributed  to  the  lignite  intercalated  in  the  clay  ;  but  the  lignite  is  present  in  too 
small  quantity  to  account  for  the  considerable  disengagements  that  have  taken 
place,  while  it  does  not  explain  the  characteristic  odour  of  the  gas  nor  its  uniform 
absence  in  recently  worked  clay-pits.  It  appears,  therefore,  certain  that  the  old 
timber  decomposes  in  the  clay  pockets  through  the  action  of  water  and  compressed 
air— very  slowly  it  is  true  ;  but  many  of  the  clay -pits  near  Paris  have  been 
worked  for  a  long  period.  J-  "W.  P- 

TESTING  RETURN  AIR-CURRENTS  IN  THE  SAAR  COAL-FIELD, 

GERMANY.* 
Kdnigliche  Bergw&rksdirektion  Saarbrucken,  July  11th,  1896. 
Last  year  950  analj-ses  were  made  of  the  return  air-currents  of  the  twenty-four 
collieries  comprised  in  the  eleven  mine-inspection  districts  of  the  Saar  coal-field ; 
and  the  following  table  records  the  results  obtained  at  each  colliery  : — 

Volume  of  Fire-damp  (CH4). 


1. 

Name  of  Colliery 
Altenwald 

Yearly 

Output. 

Tons. 

424,614 

Per  24 

Hours. 
Cubic  Metres. 

3,597 

Per 

Year. 
Cubic  Metres. 

1,312,905 

Per  Ton  of  Coal 
Produced. 

Cubic  Metres. 

3-092 

2. 

Burbachstollen 

142,516 

6,336 

2,312,640 

16-227 

3. 

Camphausen 

328,599 

24,432 

8,917,680 

27-138 

4. 

Dechen    . . . 

3S4,710 

4,617 

1,685,205 

4-380 

5. 

Dudweiler 

569,632 

IS, 202 

6,643,730 

11-663 

6. 

Eriedrichsthal 

190,313 

2,083 

760,295 

3-995 

7. 

Geislautern 

58,973 

2,196 

801,540 

13-592 

8. 

Gerhard  ... 

216,935 

21,413 

7,815,745 

36-028 

9. 

Gottelborn 

189,365 

841 

306,965 

1-621 

10. 

Heinitz    . . . 

644,328 

12,359 

4,511,035 

7-001 

11. 

Itzenplitz 

259,704 

407 

148,555 

0-572 

12. 

Jagersfreude 

30,554 

322 

117,530 

3-847 

13. 

Kohlwald 

338,269 

7,508 

2.740,420 

8-101 

14. 

Ktinig 

415,324 

17,156 

6,261,940 

15-077 

15. 

Kreuzgraben 

238,373 

13,164 

4,804,860 

20-157 

16. 

Lampennest 

175,451 

1,733 

632,545 

3-605 

17. 

Maybach 

405,695 

13,500 

4,927,500 

12146 

L8. 

Reden 

433,204 

34,621 

12,636,665 

29-170 

19. 

Schwalbach 

415,173 

7,6S1 

2  803,565 

6 -753 

20. 

Serlo 

120,371 

22,065 

8,053,725 

66-908 

21. 

Sulzbach . . . 

211,258 

3,612 

1,318,380 

6-241 

22. 

Viktoria  . . . 

388,302 

7,645 

2.790,425 

7-186 

23. 

Von  der  Heydt 

248,156 

3,467 

1,265,455 

5-099 

24. 

Wellesweiler 
Totals  and  av 

2S,371 

3,293 

1,201,945 

84,771,250 

42-365 

erages...      6,858,190 

232,250 

12-361 
J.  W.  P. 

Trans.  Fed.  Inst.,  vol  x.,  page  564. 
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COQUILLON  FIRE-DAMP  INDICATOR. 

Modifi  "i   Grisoumdtre  de  M.  Goquillon  et  permettant  d'obtenir 

une  Approximation  de  im  dix-mitti&me  de  Orison,  dans  une  Atmosphere  donna . 
By  —  Coquillon.  Gomptes  Rendus  Mensuels  de  la  Sorivte  de  VIndustrie 
Mine'rale,  1896,  page  32. 

A  bell-glass  (the  indicator  proper)  of  about  12  cubic  inches  (200  cubic  centi- 
metres) capacity  is  closed  below  by  an  indiarubber  plug  having  four  holes,  in  two  of 
which  are  inserted  the  brass  poles  carrying  a  platinum  spiral,  occupying  a  position 
inside  and  at  the  bottom  of  the  bell-glass,  their  other  ends  being  connected  by 
copper  wires  with  a  Bunsen  battery  or  hand-worked  magneto-electric  machine. 
Through  the  other  two  holes  pass  glass  tubes,  of  which  one  rises  to  the  top  of  the 
bell-glass,  is  bent  at  right  angles  underneath  the  plug  and  then  separates  into  two 
vertical  branches  one  of  which,  called  the  aspirator  or  expulsor,  is  connected  with  a 
smaller  bell-glass  for  receiving  the  samples,  while  the  other  dips  into  a  trough  or 
basin  containing  the  sample  bell-glass.  The  tube  in  the  fourth  hole,  rising  less 
than  1  inch  above  the  plug,  continues  downwards  for  a  length  of  about  4  inches 
(10  centimetres)  being  graduated  and  having  a  bulb  at  its  lower  end,  after  which 
it  is  connected  with  a  closed  glass  flask  that  may  be  raised  or  lowered. 

For  determining  small  cruantities  of  fire-damp,  this  latter  tube  has  a  diameter 
of  only  1  or  2  millimetres,  so  that  0'061  cubic  inch  (1  cubic  centimetre)  may 
be  divided  into  25  or  50  ecpaal  parts  ;  but  for  larger  proportions  of  methane,  when 
so  near  an  approximation  is  not  required,  it  may  be  made  of  a  larger  diameter.  A 
hollow  glass  cylinder  surrounds  the  central  bell-glass  for  giving  water  circulation, 
and  thus  maintaining  the  gas  at  a  regular  temperature,  the  whole  being  kept  in 
place  by  a  suitable  stand. 

When  making  the  apparatus  ready  for  use,  the  large  bell-glass  and  the  smaller 
bell-glass  for  receiving  the  sample  are  filled  with  water  of  as  nearly  as  possible  the 
same  temperature  as  the  circulation  water  ;  and  the  adjustable  flask,  filled  with 
the  same  water,  is  raised  so  that  the  water  shall  flow  into  the  graduated  tube  and 
through  it  into  the  large  bell-glass,  the  ah-  escaping  by  the  pipe  that  dips  into  the 
trough. 

When  all  the  air  is  driven  off  and  the  whole  apparatus  is  filled  with  water,  the 
cocks  are  closed,  when  the  gas  to  be  analysed  is  introduced  under  the  small  bell- 
glass,  and  then  made  to  pass  into  the  large  bell-glass  by  opening  the  proper  cocks 
and  lowering  the  adjustable  flask,  being  stopped  a  little  below  the  platinum 
spiral  when,  by  a  suitable  manipulation  of  the  cocks  and  continuing  to  lower  the 
flask,  the  water  will  drive  before  it,  through  the  other  tube,  any  gas  which  may 
have  remained  therein,  and  which  would  otherwise  have  escaped  being  burnt. 
When  the  water  reaches  the  top  of  this  tube,  the  cocks  are  closed  ;  and  the  flask  is 
maintained  in  its  then  position,  the  water  stopping  at  a  certain  level.  If  the  level 
of  the  water  in  the  flask  be  higher  than  that  in  the  graduated  tube,  the  experi- 
ment is  conducted  under  pressure  ;  and  this  is  what  the  inventor  prefers,  in 
order  that  the  gas  on  expanding  shall  not  leave  the  graduated  tube.  When 
the  level  becomes  constant,  the  platinum  spiral  is  raised  to  a  white  heat  by  being 
connected  with  the  source  of  electricity. 

The  experiment  may  last  20  seconds,  which  is  generally  sufficient  ;  but  it  is 
advisable  to  make  the  platinum  spiral  incandescent  twice  running,  so  as  to  ensure 
everything  being  burnt.  The  gas  recpaires  a  certain  space  of  time  to  return  to  the 
starting  point  ;  and  after  from  10  to  12  minutes,  with  air  containing  0-0001 
part  of  methane,   it  will  have  exceeded  its  original  level  by  several  millimetres. 
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For  measuring  so  slight  a  proportion  of  this  gas,  10  parts  of  formene  are  mixed 
with  990  parts  of  air  ;  and  then  10  parts  of  this  mixture  are  introduced  into  a 
flask  containing  990  parts  of  air  ;  thus  giving  the  above-named  proportions  to  the 
mixture  introduced  under  the  sample  bell-glass.  J.  W.  P. 

HARDY  FIRE-DAMP  INDICATOR.* 
Le  Form&nophonedeM.  E.  Hardy:  (1)  Rapport  presents  d  la  Commission  dn  Grisou 

par  —  Termier  ;  (2)  Avis  de  la  Commission  ;  (3)  Note  additionelle.  Annates 
des  Mines,  1896,  rol.  ix.,  page  577. 

The  Hardy  fire-damp  indicator  is  an  apparatus  revealing  immediately,  and 
without  the  necessity  of  chemical  analysis,  the  presence  of  fire-damp  in  a  given 
atmosphere,  and  even  for  indicating  its  proportion  with  a  very  near  approxima- 
tion. It  is  a  densimeter,  founded  on  the  well-known  facts  that  the  sharpness  of 
sound  given  out  by  a  sonorous  tube  is  a  function  of  the  density  of  the  a;as  which 
causes  it  to  vibrate,  and  that  two  sounds  of  very  nearly  equal  sharpness  produce 
a  discord. 

The  apparatus  consists  essentially  of  two  identical  sonorous  tubes,  supplied,  one 
with  pure  air,  and  the  other  with  air  in  which  the  presence  of  fire-damp  is  sus- 
pected. These  two  gaseous  currents  being  brought  to  exactly  the  same  tempera- 
ture, and  to  complete  saturation,  and  both  being  freed  from  any  carbonic  acid 
which  they  may  have  contained,  the  two  tubes  will  sound  in  unison  if  the 
second  current  contain  no  fire-damp,  but  they  Avill  give  out  two  slightly 
different  sounds  if  the  second  current  be  at  all  impregnated  with  gas. 

The  conclusions  of  the  commission  appointed  by  the  Paris  Academy  of  Science 
are  practically  as  follow : — The  sensitiveness  of  the  method  is  sufficient ;  but,  in  all 
probability,  it  may  still  be  slightly  increased.  An  improvement  specially  recom- 
mended by  the  Commission  is  that  the  apparatus  be  arranged  so  that  each  dis- 
cord shall  set  up  a  mechanical  effort  capable  of  working  a  recorder ;  and  the  safety 
of  the  mine  would  be  greatly  increased  if  the  engineer  and  the  workman  in 
charge  of  the  ventilating-fan  saw  traced  before  their  eyes  a  diagram  showing 
continually  the  proportion  of  fire-damp  in  the  return  air-ways. 

In  accordance  with  this  opinion  Mr.  Hardy,  abandoning  for  a  time  the  idea  of 
making  his  apparatus  portable,  added  a  recorder,  while  modifying  some  details  for 
increasing  the  sensitiveness ;  and  this  improved  apparatus  was  submitted  to  the 
French  Fire-damp  Commission. 

As  a  result  of  Mr.  Termier's  tests,  the  Commission  concluded  that  the  fire-damp 
indicator  is  not  appreciably  influenced,  either  by  difference  of  temperature  in  the 
two  gaseous  currents,  by  their  different  carbonic  acid  contents,  or  by  a  difference 
in  their  hygrometric  condition.  Inasmuch  as  this  question  was  set  at  rest,  the 
tests,  made  for  the  most  part  with  low  methane  contents,  were  chiefly  directed  to 
determining  the  sensitiveness  of  the  apparatus. 

It  was  found  that  the  sensitiveness  is  comprised  between  0001  and  0-002  parts 
when  the  tubes  have  previously  been  tuned  in  unison  ;  and  taking  the  thousandth 
parts  as  abscissa',  with  the  discords  as  ordinates  gives  a  curve  which,  for  contents 
higher  than  0008  part,  approaches  very  nearly  to  a  straight  line,  though  being 
very  irregular  for  lower  contents. 

It  is  therefore  concluded  that  the  Hardy  fire-damp  indicator  will  detect,  correctly 
to  about  0001  part,  the  fire-damp  content  in  a  mine  atmosphere.  But  if  there  be 
reason  to  bring  this  apparatus  to  the  notice  of  mining  engineers,  it  is  not  advis- 
able, for  the  present,  at  any  rate,  and  before  practical  tests  have  been  made  in  the 
mine,  to  recommend  it  for  general  use. 

*  Trans.  Fed.  Inst.,  vol.  vi.,  yiajre  5S0. 

VOL.  XL V. -1895-96.  " 
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This  opinion,  which  concludes  Mr.  Termier's  report,  was  endorsed  by  the  French 
Fire-damp  Commission,  upon  which  the  inventor  proposed  certain  modifications  for 
meeting  their  objections ;  but  the  Commission  considered  that  such  modifications 
would  render  even  more  necessary  the  submitting  of  the  apparatus  to  practical 
tests  before  it  can  be  recommended  for  use  underground.  J.  W.  P. 


FIRE  AT  THE  KLEOPHAS  COLLIERY,  UPPER  SILESIA. 
Das  Unglwih  an/  Kleophas-Grube  in  Ober-ScMesien.     Anon.     Gliickauf,  1896,  vol. 

xxadi.,  pages  103-197. 

The  Kleophas  disaster  took  place  on  March  3rd,  1896,  and  resulted  in  the  loss  of 
104  lives.  Moreover,  all  the  pit  ponies,  thirty  in  number,  were  suffocated.  The 
colliery  is  situated  not  far  from  KattoAvitz  and  Zalenze,  and  is  regarded  as  one  of 
the  best-planned  and  best-equipped  of  the  more  recent  deep  workings  in  Upper 
Silesia.  It  was  started  in  1886,  and  in  1895  the  annual  production  averaged 
400,000  tons  for  1,500  workpeople.  Under  normal  conditions,  the  ventilation  of 
the  pit  is  exceedingly  good,  but  it  is  contrived  on  the  old  furnace  system. 

The  workings  are  divided  into  two  districts,  in  one  of  which  the  Kleophas  coal- 
seam  proper  is  worked  at  the  410  and  540  feet  levels,  while  in  the  other  the 
Gerhard  coal-seam  is  worked  at  the  1,460  feet  level.  There  are  two  winding- 
shafts,  one  only  of  which  goes  down  to  the  deep  level ;  two  ventilating-shafts,  one 
on  either  side  of  the  shorter  winding-shaft,  are  provided  for  No.  1  district  ;  in 
No.  2  district  the  deep  winding-shaft  serves  as  a  downcast,  while  a  so-called 
blind  upcast  shaft  conveys  the  return  air  to  the  floor  of  the  levels  in  No.  1 
district,  into  which  it  debouches. 

At  9  p.m.,  March  3rd,  1896,  fire  broke  out  in  the  blind  upcast  pit ;  five  men  were 
at  work  here  on  repairs,  and  seeing  all  alight  below  them,  fled  to  the  winding- 
shaft,  were  drawn  up  to  bank,  and  gave  the  alarm.  Meanwhile,  the  flame  and 
smoke  were  rolling  in  vast  clouds  from  the  burning  shaft  to  the  shorter  winding- 
shaft  some  200  feet  distant,  and  were  driving  before  them  inflammable  [and 
poisonous]  gases,  mixed  with  the  fresh  air  all  over  the  workings  of  No.  1  district. 
At  10-30  p.m.,  the  woodwork  in  the  winding-shaft  having  in  turn  caught  fire,  this 
shaft  also  began  to  act  as  an  upcast,  causing  a  reversal  of  the  ventilation. 

Owing  to  various  circumstances,  it  was  not  found  possible  to  complete  the 
work  of  damming  off  the  area  of  conflagration  until  the  following  day  at  10  a.m. 
Meanwhile,  the  dense  column  of  smoke  and  sparks  which  continued  to  belch  forth 
from  the  shorter  winding-shaft  had  made  any  approach  to  that  shaft  from  above 
bank  impossible.  By  means  of  the  longer  winding-shaft,  the  seventy  men  at 
work  in  the  deep  level  (No.  2  district)  had  been  safely  brought  to  the  surface. 
Then  one  of  the  overmen  succeeded  in  cooling  down  one  of  the  ventilating-shafts, 
and  extinguishing  the  furnace  by  means  of  a  spring  of  water,  which  he  tapped 
some  100  feet  down  the  shaft,  and  proceeding  from  this  shaft  all  the  eastern 
portion  of  No.  1  district  was  ventilated  and  traversed  by  rescue  parties,  seventeen 
persons  being  saved  from  that  portion.  Rescue  work  in  the  western  portion  was 
much  less  successful  and  infinitely  more  difficult  ;  fresh  relays  of  men  had 
continually  to  be  sent  down  to  carry  out  and  remove  the  rescuers  overcome  by  the 
gases,  and  at  9  p.m.,  on  March  4th,  all  hope  of  saving  further  lives  was 
abandoned.  The  next  day,  the  work  of  searching  for  the  bodies  of  the  dead  was 
resumed  and  completed  without  much  further  difficulty. 

Though  the  writer  does  not  state  it  in  so  many  words,  one  infers  that  all  those 
who  were  killed  in  this  disaster  succumbed  to  gas  poisoning. 

In  comparison  with  the  great  loss  of  life,  the  damage  sustained  by  the 
workings  was  but  slight  and,  on  the  whole,  easily  reparable.  0.  S.  E. 


TRANSACTIONS   AND   PERIODICALS.  109 

INTERCEPTION  OF  DUST  AND  METALLIC  FUMES. 
Note  sur  la   Condensation  des  Poussieres  et  des  Fume'es  metalliques.     By  U.  Le 
Verrier.     Bulletin  de  la  Sorietd  del' Industrie  Mindrale,  1894,  vol.  oiii.,  pageQ&9. 

The  condensation  of  smoke  and  dust,  which  has  given  rise  to  much  investigation 
in  connexion  with  lead-works,  possesses  great  interest  as  regards  other  industries  ; 
for  instance,  blast-furnace  gases  should  be  completely  freed  from  dust  for  ensuring 
the  proper  working  of  the  hot-air  stoves.  The  means  successively  employed  for 
this  purpose  have  been  :  (1)  completely  cooling  the  gases,  which  is  necessary  for 
condensing  volatile  metals  ;  (2)  intensifying  the  deposit  of  dust  mechanically, 
while  diminishing  the  speed  or  causing  disturbances  in  the  air-current  ;  and  (3) 
washing  the  gases  so  as  to  damp  the  dust. 

At  the  Ems  lead-works,  suspended  sheet-iron  pipes  are  used,  with  a  series  of 
hoppers,  forming  joint,  for  collecting  the  dust,  which  is  made  to  pass  through 
chambers  with  double  sides  cooled  by  water-circulation.  The  Tarnowitz  serpen- 
tine ovens  effect  the  cooling  down  still  more  effectually,  because  the  cold  bodies 
constitute  an  obstacle  for  splitting  up  the  gaseous  current.  In  some  ironworks  in 
the  east  of  France  the  blast-furnace  gases  traverse  a  bed  of  iron  wires  (paillt  dt 
fer),  contained  in  a  plate-iron  case  with  perforated  bottom  ;  and  in  the  Luxemburg 
ironworks  they  pass  through  large  plate-iron  drums,  where  they  lose  their  speed,  a 
better  effect  of  the  hot-air  stoves  having  been  obtained  by  increasing  the  number 
of  these  drums.  J.  W.  P. 


CONTINUOUS  AND  AUTOMATIC  APPARATUS  FOR  TAKING  SAMPLES 

OF  AIR  OR  GAS. 
Note  sur  un  Avio-capteur  on  Appareil  servant  a  effeetuer,  automatiquement  et  de 
fagon  continue,  dt  <  prist  s  d'Air  grisovteux  ou  de  Cfaz  quelconques.     By  —  Petit. 
Comptes  It'  ndus  Mensueh  dt  la  Societe  de  I'Industrie  Minerale,  1895,  page  293, 
with  diagrams. 

The  object  of  this  apparatus  is  to  reconstitute  to  a  certain  extent,  at  the  end 
of  each  day.  by  a  curve  of  the  fire-damp  content  in  a  mine  atmosphere,  the  history 
of  any  given  working-place  capable  of  discharging  considerable  quantities  of  fire- 
damp into  the  air-current,  in  order  to  arrive  at  a  knowledge  of  the  laws  that 
govern  the  issue  of  the  gases  enclosed  in  the  coal.  As  its  name  implies,  the 
apparatus  is  not  a  fire-damp  indicator,  but  a  sample-taker,  for  collecting  auto- 
matically, and  almost  continuously,  samples  of  the  mine  atmosphere  impregnated 
with  fire-damp  for  analysis  in  the  laboratory  by  the  limits  of  inflammability 
method. 

The  principle  of  the  apparatus,  by  which  a  gas  sample  of  predetermined 
volume  is  taken  diiring  a  period  of  time  that  may  be  regulated  at  will,  depends 
upon  the  following  arrangement  : — Suppose  a  closed  vessel  filled  with  any  liquid, 
water  for  instance,  siipported  at  some  distance  above  an  empty  vessel  or  pan,  open 
to  the  air.  and  the  two  vessels  connected  by  pipes,  provided  with  stop-cocks,  one 
pipe  reaching  from  a  given  level  in  the  closed  vessel  to  near  the  bottom  of  the  open 
pan,  and  the  other  extending  from  a  given  level  in  the  open  pan  to  the  top  of 
the  closed  vessel.  The  two  levels  are  so  regulated  that,  when  the  liquid  from  the 
closed  vessel  passes  through  one  pipe  into  the  open  pan  so  as  to  lay  bare  the  top 
of  that  pipe,  it  just  closes  the  lower  orifice  of  the  other  pipe,  the  liquid  that  was 
contained  in  the  closed  vessel  being  now  replaced  by  an  equal  volume  of  the 
surrounding  air. 

In  this  apparatus,  the  closed  vessel  is  made  of  inverted  conical  form,  with 
the  object  of  permitting  samples  of  the  same  volume  to  be  taken  in  equal  spaces 
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of  time  ;  and  six  or  more  cylindrical  receptacles  of  slight  height  are  arranged 
spirally  around  it,  being  connected  by  pipes  with  stop-cocks,  the  whole,  with  the 
open  vessel  (called  an  aspirator)  in  the  middle,  being  united  by  a  light  wire  frame- 
work that  can  be  carried  into  the  mine.  The  total  weight  is  27  lbs.,  the  diameter 
17  inches,  and  the  height  19  inches. 

An  air-sampler  thus  arranged  Aras  erected  in  a  working-place  in  a  seam  worked 
by  the  trial-shaft  of  the  Saint-Etienne  colliery.  The  apparatus  was  purposely 
placed  as  near  as  possible  to  the  face,  in  a  very  dusty  place  traversed  by  an  air- 
current  moving  at  the  rate  of  16  feet  per  second,  with  the  object  of  making  a 
crucial  test.  The  series  of  investigations  and  the  daily  curve  showing  the 
variation  in  fire-damp  content  promise  to  be  very  interesting,  and  to  contribute 
much  information  as  to  the  disengagement  of  fire-damp.  J.  W.  P. 


COMPOSITION    OF    MINE-ATMOSPHERES    IN    THE    DONETZ    COAL- 
FIELD,  RUSSIA. 
La  Composition  de  VAir  des  Mines  dans  h  Bassin  du  Donetz.     By  N.   Kotsovsky. 
Revue  Universelle  des  Mines,  etc.,  1895,  vol.  xxxi.,  page  50. 

In  1889,  the  author  obtained  a  grant  from  the  Russian  mine  department  in  aid 
of  studying  the  fire-damp  question  in  the  Donetz  coal-field  ;  but.  scarcely  were 
the  analyses  begun  at  the  mining  institute,  when  an  explosion  of  unprecedented 
extent  occurred  on  January  4th  (old  styled,  1891,  at  the  Rikovsky  colliery,  in  the 
Donetz  coal-field,  causing  the  loss  of  fifty-eight  lives  and  great  destruction  to  the 
underground  workings.  From  the  facts  observed  after  the  accident,  the  author  is 
convinced  that  it  was  caused  by  the  insufficient  ventilation,  the  exclusive  use  of 
naked  lights  and  the  intentional  ignition  of  the  blowers  of  gas. 

The  samples  of  mine-atmosphere  examined  were  collected  from  five  collieries, 

in  three  of  which  fire-damp  was  present  in  large  proportions  ;  and  the  following  table 

gives  the  mean  of  the  results  obtained  : — 

Per  Cent,  by  Volume. 

Carbon  Fire- 

Dioxide,  damp.  Oxygen.  Nitrogen. 

Rikovsky  colliery,  No.  10  pit         ...         0'29  51-96  8-99  39-66 

Fire-damp     from    the    same    mine, 

collected  after  the  explosion       ...         0-57  61-08  3-81  34-54 

Ilowaysky  colliery,  Capital  pit      ...         1-04  64-91  3-6  30-45 

These  results  are  comparable  with  those  obtained  for  the  mine-atmospheres  of 
Western  Europe  ;  and,  if  the  quantities  of  fire-damp  are  rather  less  than  those  of 
other  districts,  the  difference  is  explained  by  the  intrusion  of  a  certain  quantity  of 
atmospheric  air  into  the  tubes  when  being  filled.  These  results  warrant  the  belief 
that  the  fire-damp  in  the  Donetz  collieries  filters,  through  fissures  in  the  coal,  into 
the  workings  in  an  almost  pure  state,  after  the  manner  of  blowers.  This  kind  of 
emanation  is  most  dangerous,  because  working  may  at  any  time  lay  bare  the 
fissures  through  which  the  gas  escapes,  sometimes  in  large  quantities  and  under 
considerable  pressure. 

Most  analyses  of  the  air  circulating  through  the  mines  have  been  made, 
according  to  the  reports  of  fire-damp  commissions,  on  air  collected  in  the  upcast 
shaft  and  return  air-ways,  the  resiilts  indicating  the  quality  of  the  air  in  the  mine 
generally  and  the  state  of  the  ventilation,  while  the  air  of  the  working-places  has 
been  but  rarely  analysed.  To  ascertain  the  quality  of  the  air  in  the  Donetz 
collieries,  the  author  collected,  in  various  working-places,  the  air  breathed  by  the 
miners,  and  gives  tables  showing  the  results  of  analyses, 
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The  author's  conclusions  are  as  follows:— In  the  collieries  of  the  Kalmions 
valley,  not  only  is  the  existence  of  fire-damp  proved,  but  this  gas  is  present  in  so 
large  a  proportion  as  to  demand  the  most  stringent  measures  of  safety,  especially 
in  those  mines  where  it  niters  into  the  air  of  the  workings  through  fissures  and 
in  the  form  of  blowers.  The  air  of  the  collieries  examined  from  this  point  of  view 
is  rendered  unhealthy  by  adventitious  matters,  proving  a  defective  ventilation, 
which  is  now,  however,  being  remedied  in  some  cases  by  the  erection  of  powerful 
ventilators. 

It  is  absolutely  necessary  to  test  the  air  in  all  the  collieries  of  the  Donetz  field, 
and  also  to  divide  them  into  classes  according  to  their  degree  of  danger.  Such  an 
examination  would  alone  prevent  the  necessity  of  imposing  on  all  the  collieries  of 
the  country  such  stringent  regulations  as  might  be  too  severe  and  difficult  to  carry 
out  in  many  of  them.  J.  W.  P. 

ORIGIN    OF    SUBTERRANEAN    CAVITIES    AND    THEIR    CONNEXION 
WITH  MINERAL  VEINS. 

Application  ge'ologiqrm  de  la  Spe'Uologie.     B  ,  E.  A.  Martel.      Annates  des  J  fines, 

1S96,  vol.  x.,  page  5. 

A  knowledge  and  study  of  the  earth's  natural  cavities  is  of  the  highest  interest 
to  geologists,  engineers,  and  hydrologists  ;  the  intimate  relation  of  natural  wells, 
caverns  with  springs,  subterranean  waters,  dislocations  of  the  earth's  crust, 
metalliferous  veins,  etc.,  constituting  the  elements  of  this  interest. 

During  the  last  eight  years,  the  author  has  devoted  alibis  leisure  to  penetrating 
the  recesses  of  many  unknown  cavities,  prosecuting  his  researches  with  several 
collaborators,  not  only  in  the  various  cavern-regions  of  France,  but  also  in 
Belgium,  Austria,  Greece,  England,  and  Ireland.  These  subterranean  researches 
have,  in  ten  years,  not  upset  hitherto  received  ideas,  but  practically  confirmed  the 
correctness  of  several  geological  theories,  destroyed  some  erroneous  hypotheses, 
terminated  many  controversies,  and  strengthened  opinions  as  to  the  internal 
phenomena  of  the  external  portion  of  the  earth's  crust,  while  revealing  the 
existence  of  many  caverns  which  are  useful  to  know  for  many  reasons. 

There  are  two  principal  causes  for  the  formation  of  natural  cavities  :  the  pre- 
exist ence  of  fissures  in  the  rocks,  and  the  work  done  by  the  waters  of  infiltration. 
As  regards  the  origin  of  caverns  especially,  it  is  convenient  to  distinguish  two 
varieties  of  fissures  in  the  rocks,  the  lithoclases  and  the  joints,  although  this  latter 
term  has  given  rise  to  the  most  contradictory  definitions  and  a  troublesome  con- 
fusion between  stratification-planes  and  older  fissures,  so  much  so  that  the  author 
has  determined  to  apply  the  term  "joints"  to  stratification-planes,  while  adopting 
for  all  other  fractures  the  names  and  sub-divisions  of  the  lithoclases,  formulated 
by  the  late  regretted  Prof.  Daubree. 

All  that  the  author  has  observed  in  more  than  300  natural  caverns  and  springs 
confirms  the  general  notion  that  the  earth's  fissures,  due  both  to  the  large  dyna- 
mical dislocations  of  the  earth's  crust,  and  to  the  more  restricted  effects  of 
fracture  by  desiccation,  contraction  or  compression  in  the  rocks  themselves  have 
been  the  general  directing-lines  of  the  cavities,  which  are  commonly  called  the 
lines  of  least  resistance.  Prof.  Daubree's  simple  law  as  to  the  genesis  of  grottoes 
and  natural  wells,  that  the  chief  part  is  played  by  underground  fractures,  is  sub- 
ject to  certain  exceptions  deriving  their  origin  from  petrographical  dissemblances 
in  the  various  formations. 

The  author  examines,  in  turn,  how  the  water  has  made  use  of  the  canalization, 
to  a  greater  or  less  extent  prepared  in  advance,  how  it  has  enlarged  and  modified 
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the  more  or  less  ample  veins  for  establishing  its  underground  circulation,  and  how 

it  has  here  and  there  transformed  this  canalization  into  caverns  which  are  often  of 
great  extent.  As  to  the  origin  of  caverns  no  theory  can  be  universal,  almost  all  being 
partially  collect,  though  each  one  that  has  been  proposed  has  generally  been  too 
exclusive  ;  and  the  truth  may  sometimes  be  found  in  their  combination,  and  some- 
times again  in  the  application  of  one  or  other,  according  to  each  special  case. 

It  will  be  readily  understood  that  relations  can  exist  between  natural  wells, 
caverns,  and  springs  on  the  one  hand,  and  metalliferous  veins  on  the  other,  since 
the  natural  fractures  have  directed  both  the  excavating  work  of  subterranean 
water  and  the  precipitation  of  the  metallic  emanations.  In  the  various  phenomena 
of  alteration  and  again  putting  in  motion  of  the  ores,  produced  by  the  surface  water 
on  the  upper  portion  of  the  veins,  and  especially  when  the  latter  cut  the  limestone  ; 
the  intervention  of  veritable  grottoes  contiguous  to  these  veins  has  often  been 
noticed,  minerals  taken  from  neighbouring  deposits  having  sometimes  been  re- 
deposited  by  a  secondary  action.  These  cavities  were,  in  fact,  hollowed  out  long 
after  the  deposit  of  the  primitive  metalliferous  bed,  when  the  surface  of  the  soil 
had  already  attained  its  present  level  ;  and  it  will  be  understood  that  the  waters, 
acidified  by  then-  contact  with  the  various  metallic  sulphides,  in  presence  of 
the  atmospheric  oxygen,  must  have  exerted  an  intense  corrosive  action  on  the 
limestones.  J.  W.  P. 


GOLD  EXTRACTION  :  THE  CASSEL-HINMAN  BROMINE  PROCESS. 

By  P.    C.   McIlhtney.     Journal  of  the  American  Chemical  Society,  1896, 

rol.  xviii.,  payes  451-456. 

The  Cassel-Hinman  process,  which  is  intended  for  the  treatment  of  low-grade 
ores  unsuitable  for  amalgamation,  such  as  the  telluride  ores  of  Colorado,  is 
practically  the  same,  as  regards  the  modus  operandi,  as  that  of  the  ehloriuation 
process. 

The  ore,  after  being  crushed,  dried,  sifted,  and  roasted,  if  necessary,  is  treated 
either  by  percolation  in  vats,  or,  preferably,  by  being  agitated  in  revolving- 
barrels  with  an  aqueous  solution  of  bromine  of  an  apparent  strength  of  about  lj 
per  cent.  The  liquid  is  then  drawn  off,  and  the  ore  dried,  etc.  The  recovery  of 
the  bromine  from  the  liquid,  which  is  the  chief  and  essential  feature  of  the 
pi'ocess,  is  effected  by  adding  thereto  either  (1)  bleaching  powder,  or  (2)  potassium 
permanganate,  and  (3)  sulphuric  acid.  The  liquid  is  afterwards  heated  by  direct 
steam  in  a  covered  stone  tank,  the  bromide  vapour  being  condensed  in  an  earthen- 
ware worm,  which  when  brought  into  contact  with  weak  wash  liquor  from 
previous  operations  regenerates  bromine  solution  for  future  use.  It  is  stated  that 
from  a  bath  containing  15  lbs.  of  bromine  per  100  gallons,  the  whole  of  the 
halogen  is  expelled  when  5  per  cent,  of  the  liquid  has  been  distilled. 

It  is  claimed  that,  as  a  solvent  for  gold,  bromine  is  more  rapid  and  thorough 
in  its  action  than  chlorine,  and  on  account  of  its  greater  solubility  in  water  it 
may  be  used  in  solutions  containing  as  much  as  3  per  cent.  Another  advantage 
claimed  is  that,  unlike  chlorine,  bromine  attacks  but  to  a  small  extent  the  useless 
constituents  of  the  ore,  the  proportion  converted  into  bromide  being  only  a  little 
in  excess  of  that  corresponding  to  the  gold  dissolved. 

Owing  to  this  fact,  the  preliminary  roasting  of  the  ore  to  destroy  sulphides, 
etc.,  which  is  so  essential  in  the  chlorination-process,  need  not  be  carried  on  to  so 
great  an  extent,  resulting  in  a  great  saving  (as  certain  ores,  such  as  tellurides  of 
gold,  lose  a  large  proportion  of  the  precious  metal,  either  mechanically  or  by 
volatilization,  during  the  final  stages  of  roasting).  M.  W.  B. 
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GOLD  EXTRACTION  BY  POTASSIUM  CYANIDE. 
By  J.  Loewy.     Ghemische  Zeitung,  1896,  vol.  xlix.,  pages  479-480. 

The  author  gives  the  results  of  experiments  conducted  with  a  refractory  gold- 
ore  from  the  Lydenburg  district,  Transvaal,  treated  with  different  cyanide 
solutions.  The  ore  contained  about  9  dwts.  of  gold  per  ton  and  2-59  per  cent,  of 
copper,  the  extractions  being  as  under  : — 

Strength  of  Cyanide  Solution.    Gold  Extracted.  Copper  Extracted. 

Per  Cent.  Per  Cent.  Per  Cent. 

0-5  ...  15-2  ...  4-5 

1-0  ...  137  ...  8-4 

2-0  ...  48-0  ...  19-6 

50  ...  53-0 

10-0  ...  76-5 

The   author  considers   the   MacArthur-Forrest  recommendation  to  use  weak 

cyanide  solutions  of   from  0  2  to   1   per  cent,   for   refractory   ores   as   unsound, 

contending  that  such  solutions  give  an  inferior  extraction.     On  the  other  hand, 

the  stronger  the  solution  the  greater  will  be  the  amount  of  base  metals  and  of  gold 

dissolved.     He  also  considers   that   the   cyanide  process  is   unsuitable  for  most 

refractory  [ores,  the  strength  of  cyanide  required  being  too  high  and  the  time  for 

extraction  excessive.  M.  W.  B. 


over  25-0 


GOLD  MINES  OF  THE  DUERNO,  SPAIN. 

Minos  de  Oro  del  Duerno,  en  la  Prorhicia  de  Leon.     By  R.  Oriol.    Revista  Minera, 

1896,  vol.  xlvii.,  pages  197-199. 

The  auriferous  formation  in  the  province  of  Leon  extends  over  the  western 
boundary  into  Orense,  and  is  divided  into  four  groups,  viz.  :— The  hydrographical 
basins  of  the  rivers  Duerno,  Eria,  Cabrera,  and  Burbia,  the  two  first-named  dis- 
charging into  the  river  Douro,  and  the  second  pair  into  the  river  Sil. 

The  basin  of  the  Duerno  lies  south  of  Astorge  and  on  the  northern  slope 
of  Mount  Teleno,  over  3,000  feet  above  the  sea-level.  The  auriferous  formation 
occurs  on  both  sides  of  the  river,  the  principal  portion  being  on  the  right 
bank  and  traversed  by  the  brooks  Espino  and  Llamas.  It  occupies  an  area  of 
some  9  miles  in  length  by  about  ^  mile  in  width,  and  extends  to  depths  ranging 
from  30  to  200  feet  between  Molinaferrara  and  Priaranza.  There  are  traces  of  the 
mining  operations  carried  on  by  the  Romans  at  los  Castellones,  Fucochicos,  etc. , 
and  some  more  modern  water-channels  in  good  repair,  for  conveying  the  water  of 
the  Espino  and  Llama  to  the  workings  above  los  Castellones. 

The  basin  of  the  Eria  lies  on  the  southern  slope  of  Mount  Teleuo,  and  is 
traversed  by  several  streams.  The  gold-bearing  formation  extends  around  the 
outskirts  of  the  hamlets  of  Truchas,  Manzaneda,  etc.,  but  is  of  less  importance 
than  that  of  the  Duerno  valley. 

The  Cabrera  basin  lies  west  of  Mount  Teleno,  and  the  gold  occurs  between 
Yeres  and  Caruce,  near  Mount  Medulas,  where  there  are  several  distinct 
water-channels,  some  18  miles  in  length.  Other  remains  show  that  the  formation 
must  have  been  worked  on  a  large  scale.  In  places,  it  exhibits  a  thickness  of  500 
to  600  feet. 

The  basin  of  the  Burbia  extends  northward  from  Yillafranca  del  Vierzo 
through  a  mountainous  region  on  the  borders  of  Leon,  Lugo,  and  Asturias.  The 
formation  is  met  with  on  both  banks  of  the  river,  and  there  are  numerous  remains 
of  Roman  workings.  Hills  of  auriferous  conglomerate  extend  to  the  river  Candin, 
near  Prado.  The  district  is  over  3,000  feet  above  sea-level,  and  the  workings  have, 
in  some  places,  exposed  faces  of  auriferous  earth  as  high  as  550  feet. 
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The  Duerno  basin  presents  the  greatest  advantages  for  working  the  deposits, 
in  that  the  formation  is  more  superficial  and  lies  close  to  the  water,  thereby  entail- 
ing little  expense  for  the  construction  of  sluices,  and  avoiding  the  necessity  for 
making  such  large  expropriations  as  would  be  the  case  in  the  other  districts.  These 
reasons  induced  the  author  to  advise  the  El  Oro  Espauol  Company  to  acquire  the 
Duerno  property. 

The  formation  consists  of  a  diluvial  mass  of  recent  geological  origin,  reposing 
on  a  bed-rock  of  Lower  Silurian  formation.  It  has  been  elevated  along  with  the 
Cantabrian  Mountains,  and  subsequently  suffered  denudation  with  the  formation 
of  river-valleys.  Probably,  also,  some  parts  of  the  formation  have  been  covered 
by  the  deposits  of  alluvium  in  the  lower  districts  of  Leon.  The  diluvium  possesses 
marked  characteristics  which  distinguish  it  from  modern  alluvia,  and  the  cement- 
ing material  lias  acquired  sufficient  coherence  to  preserve  the  face  of  the  Roman 
workings  almost  perpendicular  to  heights  of  550  feet,  giving  them  the  appearance 
of  having  been  only  recently  abandoned.  The  circumstances  of  deposition  appear 
to  have  varied  ;  where  the  formation  is  thin  the  stones  in  the  lower  layer  are  large 
and  decrease  progressively  in  size  in  the  superior  portion,  but  where  the  thickness 
is  greater  the  deposits  of  stones  are  separated  by  beds  of  pure  clay,  the  arrange- 
ment indicating  alternations  of  agitation  and  repose  in  the  course  of  sedimenta- 
tion. The  angular  shape  of  the  stones  shows  they  cannot  have  been  transported 
from  any  great  distance,  and  their  nature  points  to  an  origin  in  the  Cambrian, 
Silurian,  and  Devonian  rocks  of  the  Cantabrian  range.  White  vein-quartz  is 
rare,  and  the  author  inclines  to  believe  that  the  presence  of  the  gold  in  this  forma- 
tion is  due,  in  great  part,  to  chemical  action  in  the  water  depositing  the  conglomer- 
ates, being  led  to  this  opinion  by  the  absence  of  auriferous  veins,  the  sterility  of 
the  stones,  the  intimate  dissemination  of  the  gold  throughout  the  ferruginous  clay 
cementing  the  conglomerate,  and  the  generally  expressed  opinion  that  the  rich- 
ness in  gold  varies  directly  with  the  proportion  of  ferric  oxide  in  the  mass.  Con- 
cretionary lumps  of  haematite  are  found,  indicating  the  abundance  of  iron  in 
the  depositing  water. 

The  Romans  worked  these  mines  by  sluicing  and  arresting  the  auriferous  earth 
in  the  tail-races  by  means  of  heather  and  branches  of  trees,  which  they  sub- 
sequently burnt.  The  best  course  to  pursue  at  the  present  time  will  be  to  ascertain 
by  experimental  working  on  a  small  scale  the  average  proportion  of  gold  in  the 
conglomerate,  and  the  most  suitable  means  of  recovering  the  metal  from  the  con- 
centrated cement —whether  by  amalgamation,  the  cyanide  process,  etc.  In  this 
way,  only  a  comparatively  small  capital  need  be  risked  at  the  outset,  and  the  ex- 
perience gained  will  enable  the  proper  methods  to  be  adopted  at  once  if  the  pre- 
liminary venture  proves  satisfactory.  C.  S. 


THE  PRESENT  METHOD  OF  DECLARING  THE  MONTHLY  OUTPUT 
OF  GOLD  OF  THE  WITWATERSRAND  DISTRICT,  WITH  A  SUG- 
GESTION FOR  ITS  ALTERATION. 

By  A.  Vox  Gernet.     The  Standard  and  Diggers' News,  Johannesburg,  July  '20th, 

1896. 

The  output  of  gold  for  the  above  district  is  now  declared  by  the  Chamber  of 
Mines  and  the  Association  of  Mines,  who  continue  to  follow  out  the  practice  of 
declaring  the  output  in  bullion  ounces. 

The  author  draws  attention  to  the  fact  that  an  ounce  of  gold  bullion  as  obtained 
in  this  district  varies  considerably  in  value,  by  reason  of  the  different  chemical 
processes  now  in  use  and  by  the  variation  of  silver  and  other  alloy  in  mill  gold, 
according  to  the  kind  of  ore  worked. 
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When  the  present  system  of  declaring  the  monthly  output  of  gold  was  first 
introduced,  the  whole  of  the  production  of  the  district  was  obtained  by  mill  yield 
from  free  milling  ore,  and  the  output  might  then  fairly  have  been  considered  to 
be  of  an  average  value  per  bullion  ounce  ;  but  this  no  longer  exists,  and  to-day 
the  monthly  declaration  is  made  in  ounces,  which  vary  from  say  600  fine  —in  the 
case  of  cyanide  gold — to  995  fine  in  the  case  of  chlorination  gold,  or  from  say 
£2  10s.  lid.  per  ounce  to  £4  4s.  6d.  per  ounce,  home  values — which  shows  a 
difference  of  £1  13s.  7d.  per  ounce. 

The  author  submits  that  the  output  of  this  district  should  be  either  declared 
in  £  sterling,  with  no  declaration  of  output  in  ounces,  or  else  the  declaration 
should  be  made  in  fine  ounces. 

Reference  to  the  Chamber  of  Mines  declarations  for  the  past  five  years  shows 
that  the  annual  declarations  are  as  follow  :  — 


Ounces. 

Value. 
£ 

Average  fineness  based 
upon  a  fine  ounce 
Value              being  equal  to 
per  Ounce.               £4  3s  6d. 
£    s.       d. 

1890 

494.S17 

1,735,491 

3  10     1-7 

840 

1S91 

729,238 

2,556,328 

3  10     1-3 

839| 

1892 

1,210,868 

4,297,640 

3  10  11-8 

850 

1893 

1,478,477 

5,187,206 

3  10    2 

840 

1894 

2,024,168 

6,903,100 

3    8     9-6 

824 

1895 

2,277,640 

7,840,779 

3    8  10-2 

824^ 

The  difference  in  the  value  of  the  bullion  ounce,  comparing  1892  with  1895 
shows  that  it  was  worth  2s.  Id.  less  in  1895  than  it  was  in  1892. 

This  difference  upon  the  output  of  1S95  would  amount  to  £237,000—  that  is  to 
say,  had  the  fineness  of  the  bullion  produced  in  1S95  been  equal  to  that  jiroduced 
in  1892  the  value  of  the  1895  output  would  have  been  increased  by  £237,000. 
Other  large  gold-producing  countries  declare  their  gold  production  in  hue  gold, 
and  the  author  contends  that  this  important  gold-producing  country  should  also 
declare  its  output  in  the,  same  way.  J.  ^ 

GOLD  METALLURGY  ON  THE  WITWATERSRAND,  S.A.R. 
By  W.  R.  Feldtmann.      The  Standard  and  Diggers'  JVeivs,  Johannesburg,   July 

20th,  1896. 

Cyanide  Process.  The  writer  was  surprised  that  so  little  had  as  yet  been  done 
toward  lessening  the  irksomeness  of  a  clean-up  in  works  where  zinc  precipitation 
was  used.  He  thought  that  it  was  largely  due  to  the  dirty  and  disagreeable  work 
of  cleaning  up  zinc  that  the  electric  precipitation  on  these  fields  had  obtained 
such  popularity  as  it  possessed.  He  thought  it  would  not  be  impossible  to  evolve 
a  workable  system  of  regulating  the  output  from  zinc  boxes  to  bring  it  into  some 
kind  of  proportion  to  the  gold  extracted  from  the  ore,  and  of  making  the  operation 
of  cleaning  up  generally  easier  and  less  subject  to  loss.  The  desideratum  was  a 
combined  chemical  and  mechanical  process  for  removing  all,  or  nearly  all,  of  the 
gold  from  the  zinc  every  month  and  a  proper  series  of  appliances  for  purification, 
by  means  of  acid,  of  the  gold  before  smelting.  He  felt  confident  that,  if  the  same 
amount  of  ingenuity  were  expended  on  the  working  and  cleaning  up  of  zinc-boxes 
as  had  been  devoted  to  electro-precipitation  by  the  staff  of  the  Rand  Central 
Reduction  Company,  there  would  not  be  much  more  heard  of  the  electric 
precipitation  with  its  enormous  initial  outlay  and  costly  working  expenses. 

Transvaal  Gold  Output  Returns.  The  writer  thought  it  seemed  a  curious 
anomaly  that  a  certain  number  of  bars  of  bullion,  varying  enormously  in  assay 
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value,  should,  in  the  Chamber  of  Mines  returns,  be  lumped  together  with  pains- 
taking accuracy  as  to  weight,  as  so  man}-  ounces  of  gold,  no  effort  being  made  to 
reduce  all  the  companies'  outputs  to  the  same  standard  of  fineness.  The 
exceedingly  complete  and  instructive  returns  of  the  Chamber  of  Mines  lost  a  great 
deal  in  accuracy  owing  to  this  one  defect. 

Dry  Crushing  and  Direct  Cyaniding.  Within  the  next  few  months,  it  was 
anticipated  that  this  much-vexed  problem  would  be  put  to  a  thoroughly  practical 
test  in  the  Transvaal.  The  Afrikander  Company,  in  Klerksdorp,  are  erecting  a 
plant  calculated  to  crush  and  treat  10,000  tons  per  month.  From  extensive 
experiments  which  have  been  carried  out,  the  author  had  every  confidence  that 
the  results  of  the  cyaniding  will  be  satisfactory,  and  will  promote  the  question  of 
dry-crushing  from  the  region  of  debate  into  that  of  practical  and  useful 
technology.  J.   W. 


AURIFEROUS  GRAVELS  OF  THE  UPPER  COLUMBIA  RIVER, 
BRITISH  COLUMBIA. 

By  Frank  L.   Nasox.     Engineering  ami  Mining  Journal  (New  York),  1S96,  vol. 

Ixi.,  pages  279-280. 

The  region  of  the  Upper  Columbia  river,  in  British  Columbia,  known  as  the 
Big  Bend,  comprises  the  territory  lying  north  of  the  Canadian  Pacific  Rail- 
way, between  the  stations  of  Golden  and  Revelstoke,  thus  including  the  northern 
end  of  the  Selkirk  Mountains,  the  western  slope  of  the  Rocky  Mountains,  and  the 
eastern  slope  of  the  Gold  Range.  The  dividing-line  between  the  mining  districts 
of  East  and  West  Kootenay  also  nearly  equally  divides  the  Big  Bend,  so  that  one 
half  lies  in  East,  the  other  in  West  Kootenay. 

Little  as  is  known  of  this  region,  extending  over  100  miles  north  from  the 
Canadian  Pacific  Railway,  and  for  75  miles  along  the  road,  this  little  knowledge  is 
confined  almost  exclusively  to  the  Big  Bend  of  West  Kootenay. 

A  good  deal  of  attention  is  now  being  attracted  towards  the  placer  gold  in  Big 
Bend  ;  but  Trail  Creek,  the  Slocan,  and  other  famous  places  around  the  Arrow 
Lakes,  the  Cariboo,  and  Yukon  fields,  overshadow  all  else  in  the  province.  The 
longest  of  the  tributary  streams  flowing  into  the  Columbia  river  are  rarely  more 
than  15  miles  in  length,  while  many  flow  directly  down  the  steep  faces  of  the 
mountain,  being  fed  directly  by  melting  glaciers.  These  latter  streams,  flowing 
through  canon-like  gorges,  have  no  terraces.  The  debris  brought  down  by  them 
form  either  large  deltas  in  the  river,  or  the  material  is  wholly  swept  away  by  the 
river  Columbia.  These  streams  form  natural  sluices,  and  have  been  the  favourite 
hunting  ground  for  "snipers"  or  "pocket-hunters."  From  Pothole  Creek,  a 
stream  less  than  1  mile  in  length,  £8,000  worth  of  gold  is  said  to  have  been  found 
in  one  season. 

Along  the  larger  streams,  such  as  Carnes  Creek,  Dordine  Creek  Gold  Stream, 
Smith  Creek,  Gordon  Creek,  etc.,  the  terrace-formations  are  very  extensive,  and 
all  are,  without  exception,  auriferous.  On  French,  McCullough,  Camp  and  Smith 
Creeks,  and  Gold  Stream  as  well,  enough  work  has  been  done  to  establish  the  fact 
that  in  many  places  the  gravels  are  rich  enough  for  hydraulic  extraction. 

The  gold  which  occurs  in  the  gravel  follows  the  general  rule,  i.e.,  if  the  boulders 
are  coarse,  well-worn,  the  gold  will  be  found  approximately  under  the  same  con- 
ditions. Large  nuggets  are  not  often  found;  those  weighing  £2  to  £3  are  very 
rare.     The  bulk  of  this  gold  will  weigh  from  l|d.  up  to  5d.  or  even  Is.     About 
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3  per  cent,  will  weigh  from  2s.  to  8s.  Rusty  gold  is  the  exception  rather  than  the 
rule.  Platinum  has  never  been  observed  by  the  writer,  though  native  copper  is 
occasionally  met  with. 

From  personal  knowledge,  the  writer  has  satisfied  himself  that  many  river- 
banks  have  favourable  conditions  for  hydraulic  working  on  a  large  scale.  Although 
somewhat  difficult  of  access,  and  laboming  under  the  disadvantages  of  short  sea- 
sons, these  difficulties  are  no  greater  than  have  been  met  and  overcome  in  the 
United  States,  and  with  poorer  gravels.  J.  W. 


CAMP  FLOYD  MINING  DISTRICT,  UTAH,  U.S.A. 

By  James  W.  Neill.     Engineering  and  Mining  Journal,  New  York,  1896,  vol.  Ixi., 

page  85. 

What  the  Cripple  Creek  district  is  to  Colorado,  the  Camp  Floyd  district 
promises  to  be  for  Utah ;  indeed,  it  may  safely  be  said  already  to  be  this,  for 
"  Mercur  "  is  the  most  common  topic  with  mining  men  nowadays.  The  camp  is  re- 
named after  the  principal  mine,  the  Mercur,  having  been  formerly  known  as 
Lewiston.  Under  that  name,  it  nourished  as  a  silver-mining  camp  from  1869-71, 
when  Dry  Canon,  Ophir  Canon,  Lion  Hill,  and  other  camps  on  the  western  slope  of 
the  Oquirrh  range  were  all  producing  silver  ores  of  high  grade  and  in  large 
quantities. 

The  elevation  of  Lewiston,  now  Mercur,  is  6,700  feet,  and  the  town  is  similar 
in  all  it  features  to  the  mushroom  mining  towns  of  Colorado,  with  hotels,  saloons, 
and  stores. 

The  ores  of  the  Mercur  camp  are  of  two  kinds,  the  oxidized  and  the  base,  or 
arsenical,  and  each  is  peculiar  in  its  own  composition.  The  oxidized  ore,  which  is 
that  now  being  mined  and  treated  by  the  Mercur  Company  and  the  other  pro- 
ducing mines,  is  of  a  yellowish  colour  when  seen  in  mass ;  its  composition  is 
mainly  siliceous  or  quartzy  matter,  with  much  limestone  mixed  through  it,  all 
stained  by  a  clayey  or  talcose  substance,  which  gives  the  mass  its  colour,  while 
each  distinct  species  of  rock  retains  its  usual  characteristics. 

The  base,  or  arsenical,  ore,  after  roasting,  shows  itself  to  be  of  so  porous  a 
nature  that  it  will  j'ield  as  high  a  percentage  of  its  values  to  the  cyanide  solution 
as  does  the  regular  oxidized  ore  ;  therefore  it  is  only  a  question  of  roasting  and 
getting  rid  of.  the  arsenic  fumes  by  some  method  of  condensation.  This  latter 
point  is  vital  to  success,  as  the  ore  often  runs  up  to  10  per  cent,  arsenic,  and 
should  there  be  a  permanent  plant  to  handle  100  tons  per  day,  the  fumes  from  8  or 
10  tons  of  arsenic  in  the  surrounding  atmosphere  would  no  doubt  be  a  serious 
matter  to  life. 

The  actual  daily  production  in  gold  at  the  present  time  is  as  follows  : — 

Tods. 

Mercur      200 

Marion      50 

Geyser      ...         ...         50 

Sunshine  ...         ...         50 

Total  daily  output  of  producing  mines  ...  ...       £550 

Equivalent  to  an  annual  output  of  £200,000.  The  cost  of  mining,  hauling,  milling, 
and  marketing  product  per  ton  of  ore  is  currently  quoted  for  the  large  producers 
at  about  13s.  per  ton. 


Value  per 
£     s. 

Ton. 

Loss, 
s. 

Net  Value. 

£ 

2     8 

8 

400 

1     4 

4 

50 

1     4 

4 

50 

1     4 

4 

50 
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To  the  uninitiated,  an  examination  of  the  tailings  dumps  from  one  of  the 
Mereur  cyanide  mills  would  be  a  surprise,  for  some  of  these  mills  do  not  crush 
finer  than  ;  inch,  which  means  that  the  tailings  look  more  like  road  material  than 
anything  else.  J.  W. 

GOLD  MINING  IN  WESTERN  AUSTRALIA. 
gemodrtige    Lage    de*    Goldbergbaues    in    West   Australien.       By   Dr.    C. 

Schmeisser.     Zeitschrififur  PraWsche  Geologic,  1896,  page  17-4,  with  map. 

The  area  of  the  twelve  West  Australian  gold-fields  amounts  to  296, 225  square 
miles  ;  these  belong  chiefly  to  the  Central  Australian  table-land,  characterized  by 
its  flat  or  undulating  surface  and  the  absence  of  hills  of  any  importance.  Granite 
forms  the  bed-rock  of  the  gold  fields,  and  crops  at  the  surface  in  flat  bosses,  as, 
for  instance,  in  the  Murchison  district.  It  is  overlain  by  stratified  rocks,  whose 
strike  is  south-south-east  to  north-north-west,  with  a  steep  dip,  consisting  in  the 
main  of  clay-slates,  quartzite,  and  quartzitic  sandstones,  which  are  often  replaced 
by  phyllites,  talcose  and  chloritic  schists.  Important  masses  of  diorite  and 
diabase,  both  interbedded  and  eruptive,  occur  in  the  stratified  rocks  and  in  the 
granite.  These  eruptives  are  mostly  highly  decomposed  down  to  depths  of  from 
70  to  150  feet,  as  also  is  the  granite  in  many  cases.  Dykes  of  felsite-porphyry  also 
occur,  but  are  of  far  less  importance  than  those  of  diorite  and  diabase.  In  these 
formations  a  number  of  veins,  beds,  and  alluvial  deposits  of  gold  occur.  The  veins 
mostly  strike  south-south-east  to  north-north-west  or  south-south-west  to  north- 
north-east,  with  a  dip  generally  to  the  westward.  The  veins  very  largely  run 
together  in  groups,  but  are  sometimes  isolated.  Two  kinds  may  be  distinguished, 
compound  veins  or  lode-formations  and  simple  veins  ;  the  former  are  veins  whose 
filling-  material  consists  of  country  rock  more  or  less  altered  and  traversed  by 
bunches  and  strings  of  quartz.  The  latter  are  filled  almost  entirely  with  quartz. 
Those  of  the  first-named  class  are  confined  generally  to  diabase  and  diorite,  and 
these  are  very  variable  in  thickness,  in  some  cases  exceeding  100  feet,  but  sometimes 
wedging  oivt  to  nothing.  The  more  strings  of  quartz  traverse  the  vein-matter  and 
the  more  spongy  and  shattered  the  quartz  is,  the  richer  is  the  vein  as  a  rule. 
The  foot-wall  is  generally  the  only  well-marked  one  ;  on  the  hanging  side  the  vein- 
matter  gradually  passes  into  country  rock. 

Simple  veins  are  of  very  various  thicknesses,  from  1  inch  to  several  feet.  Their 
walls  are  generally  well  marked.  They  often  form  lenticular  deposits.  In  the 
Edjudina  vein  group  the  veins  almost  exclusively  consist  of  strings  of  lenticular 
masses  of  quartz. 

Contact-veins  are  plentiful.  Where  veins  traverse  stratified  country  they 
generally  appear  as  bedded  veins. 

All  these  veins  may  be  looked  upon  as  mineralized  fissures,  whose  formation 
was  often  accompanied  by  faulting— generally  normal,  rarely  overthrust— of  the 
country  rocks.  In  the  case  of  compound  veins,  the  pressure  resulting  from  these 
movements  has  crushed  and  pulverized  considerable  portions  of  the  wall  rock, 
which  was  subsequently  transformed  into  vein-matter  by  the  action  of  mineralizing 
solutions.  Numerous  planes  of  slipping  and  slickensides  attest  the  action  of 
immense  pressure. 

The  most  important  mineral  is  gold,  which  is  practically  confined  to  the  quartz, 
generally  so  fiuely  divided  as  to  be  invisible,  but  occasionally  occurring  in  visible 
particles,  ranging  up  to  large  masses,  like  that  one,  weighing  303  ozs.  10  dwts., 
which  was  found  in  the  outcrop,  at  a  depth  of  only  6  feet,  in  the  Devon  Consols 
claim  at  Black  Flag.  In  dark  coloured,  brown  and  yellow  quartz,  the  gold  is 
mostly  finely  divided,  but  generally  coarse  in  white  or  milk-white  quartz. 


Feet. 

Barley's  Reward 

380 

Great  Boulder 

Hannan's  Reward  ... 

285 

Ivanhoe 

New  Chum    ... 

240 

Fortune  of  War 
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The  gold  contents  generally  show  enrichment  in  chutes,  which  always  dip  in 
the  direction  of  the  strike  of  the  vein  ;  in  such  cases  the  chutes  may  be  very  rich 
whilst  the  vein  outside  the  pay-chute  may  not  be  workable.  Even  within  the 
chute,  the  gold  is  very  irregularly  distributed,  very  rich  spots  alternating  with 
barren  ones.  It  is,  therefore,  necessary  to  continually  sample  and  test  the  veins 
in  order  to  see  which  portions  are  sufficiently  rich  to  be  worked  with  profit. 

Another  fact,  often  noticed,  is  that  the  outcropping  portions  are  greatly 
enriched,  either  in  pockets  or  for  a  considerable  length,  so  that  completely 
erroneous  estimates  of  the  values  of  the  veins  may  be  formed  On  working  in 
depth,  the  ore  is  found  to  get  poorer,  in  cases  even  to  complete  barrenness.  The 
accompanying  minerals,  besides  a  low  proportion  of  silver,  are  in  the  deeper  un- 
decomposed  portions  of  the  veins,  iron  pyrites,  arsenical  pyrites,  in  places  galena, 
and  rarely  copper  pyrites.  The  depth  to  which  decomposition  has  extended  varies 
from  60  to  150  feet. 

It  is  most  important  to  ascertain  whether  the  gold  holds  down  in  depth,  and, 

especially,  whether  it  continues  in  the  pyritic  undecomposed  portions  of  the  vein. 

In  the  present  stage  of  imperfect  development  no  decision  can  be  arrived  at,  the 

deepest  mines  at  date  being  : — 

Feet. 

200 
193 
183 

It  has,  however,  been  definitely  observed  that  many  quartz-veins  wedge  out  at 
very  moderate  depths  and  distances  ;  it  also  seems  doubtful  whether  the  lenticular 
quartz-veins  will  continue  in  depth.  Veins  that  extend  to  great  distances 
generally  go  down  far  in  depth,  hence  it  may  be  hoped  that  such  veins,  amongst 
which  many  of  the  compound  veins  may  be  classed,  will  prove  permanent  in  depth. 
There  are  few  data  to  show  how  the  contents  of  the  veins  will  be  affected  in  the 
pyritic  zone.  This  has  only  been  opened  up  so  far  in  the  193  feet  level  of  the 
Ivanhoe  mine,  where  the  vein  consists  of  a  quartzitic  rock-mass  carrying  much 
pyrites  and  a  not-unimportant  amount  of  fine  gold. 

It  may  be  added  that  the  east-and-west  veins  are  in  all  respects  inferior  to  those 
coursing  north  and  south. 

Bedded  deposits  carrying  gold,  which  seem  to  have  been  produced  by  the  dis- 
integration of  older  higher-lying  outcrops  and  the  embedding  of  the  products 
in  the  decomposition-products  of  the  country  rock,  occur  and  have  been  worked 
in  places. 

Alluvial  deposits,  sometimes  of  exceptional  richness,  have  been  found  in  nearly 
every  gold-field.  These  were  worked  by  dry-blowing,  and  may  be  looked  upon  as 
exhausted,  so  far  as  their  coarse  gold  contents  are  concerned. 

Other  deposits  have  been  worked  by  crushing  in  stamp-mills,  in  Otis,  Hunting- 
don, or  Panklast  mills,  collecting  the  gold,  as  far  as  possible,  by  amalgamation, 
and  reserving  the  tailings  for  treatment  by  a  leaching  process.  On  Golden  Bar,  the 
attempt  has  been  made  to  save  water  by  dry-crushing,  followed  by  cyanidation  ; 
the  tailings  are  said  to  carry  only  2  dwts.  of  gold.  The  view  is  gaining  ground 
that  other  methods,  besides  mill  amalgamation,  will  have  to  be  tried  in  order  to 
economize  water.  In  the  northern  and  western  gold-fields,  enough  water  for  mill- 
ing purposes  can  generally  be  got  at  depths  of  70  to  SO  feet,  but,  in  the  south, 
milling  can  only  be  conducted  with  the  greatest  difficulty  on  account  of  the 
general  absence  of  water.  Experiments  at  Kalgoorlie  have  shown  that  the  mini- 
mum water  consumption  is  240  gallons  to  the  ton  of  ore,  and  then  only  bv  the 
exercise  of  the  most  rigid  economy,  and  by  submitting  to  a  very  heavy  loss  of  fine 
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»old  in  the  tailings.  The  rainfall  is  so  small — 6-54  inches  in  Coolgardie  in  1895  — 
that  it  does  not  seem  probable  that  sufficient  water  can  be  obtained  for  working 
on  a  large  scale  ;  the  Government  accordingly  proposes  to  bring  water  from  the 
Helen  or  the  Murray  river,  but  with  fields  so  extensive  as  these  it  can  only  be  the 
must  important  central  points  that  can  benefit  by  this  scheme. 

There  is  no  coal  on  the  gold-fields,  but  coal  has  been  found  on  the  Irwin  and 
Collie  rivers,  as  to  the  importance  of  which  discoveries  nothing  can  as  yet  be  said. 
In  the  southern  mining  districts  wood  for  timbering  as  well  as  for  fuel  is  generally 
to  be  got  in  sufficient  quantity.  Power  may  have  to  be  generated  by  the  use  of 
petroleum  engines.  It  may  be  possible  to  generate  electricity  on  the  sea-coast  by 
means  of  East  Australian  coal,  and  to  distribute  this  to  the  various  consumers. 

The  yield  of  gold  in  the  various  mines  is  very  irregular,  and  varies  between 
6  dwts.  and  16  ozs.  to  the  ton  of  ore,  the  ounce  of  gold  being  worth  about 
76s.  The  cost  of  working  cannot  yet  be  fixed,  and  varies  greatly.  Some  of  the 
leading,  and  therefore  the  cheapest,  working  mines  in  the  Murchison  district 
gave  their  cost  as  30s.  to  33s.  It  will  probably  average  between  30s.  and  50s. , 
but  it  is  to  be  expected  that  this  figure  will  come  down  lower  as  the  fields  are 
more  developed.  This  may  make  it  possible  for  many  mines  that  cannot  now  be 
made  to  pay,  to  work  at  a  profit,  and  may  also  enable  mines  to  continue,  whose 
ore  will  get  poorer  in  depth,  and  which  could  not  pay  their  way  under  such 
conditions  with  the  existing  working  costs. 

Numerous  other  considerations  affect  the  valuation  of  these  mines.  Australian 
prospectors  are  perfectly  well  acquainted  with  the  fact  that  the  very  rich  pockets 
that  often  occur  at  the  outcrop  rapidly  disappear  in  depth,  and  accordingly  set 
about  disposing  of  their  discoveries  as  promptly  as  possible.  The  requisite 
expert's  report  is  of  course  brilliant  if  he  does  not  insist  upon  deep  trial-shafts. 
Moreover,  experts  of  very  doubtful  capacity  and  integrity  are  to  be  found  on 
these  gold-fields.  Men  of  all  trades,  ranging  from  sailors  to  book-keepers,  become 
experts  with  surprising  rapidity  as  soon  as  they  breathe  the  air  of  the  gold-fields, 
and  cases  occur  such  as  that  of  one  of  these  experts  who  reported  on  a  property 
entirely  upon  the  strength  of  a  picked  specimen  that  was  submitted  to  him. 

As  many  of  the  deposits  were  judged  by  their  rich  outcrops,  most  exaggerated 
ideas  of  the  value  of  many  mines  were  formed.  European  mining  companies 
would  have  Australian  gold  properties  at  any  price,  the  Australian  middlemen 
added  disproportionate  amounts  to  the  original  purchase  price,  European  pro- 
moters thought  that  they  could  not  fix  the  original  capital  too  high,  sub-companies 
upon  whose  properties  no  real  opening  up  had  been  done,  were  formed  with 
enormous  capitals,  and  thus  mines  have  been  floated  with  important  capitals,  that 
could  only  pay  if  worked  on  a  small  scale  and  with  the  utmost  economy,  whilst  the 
enormous  capitals  exclude  the  possibility  of  dividends  in  most  cases.  A  crisis  is 
unavoidable  ;  those  undertakings  that  are  based  on  good  gold  deposits  will 
survive,  even  though  with  a  great  diminution  of  their  capital ;  the  poorer  mines 
will  go  down,  perhaps  for  ever. 

Nature  has  laid  great  difficulties  in  the  way  of  West  Australian  mining.  On 
the  other  hand,  many  deposits  are  of  exceptional  richness  near  the  surface,  which 
will  not,  however,  continue  in  depth.  Many  mines  that  have  astonished  the 
world  with  their  rich  ores  will  have  to  be  satisfied  with  a  yield  of  10  to  12  dwts. 
to  the  ton.  It  may,  however,  be  expected  that  ultimately  the  considerable 
number  of  fairly  payable  properties  will  secure  for  Western  Australia  for  a  con- 
siderable period  a  good  place  amongst  the  gold  producers  of  the  world,  but  not  the 
prominent  position  which  many  sanguine  people  have  predicted  for  it.         H.  L. 
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THE   REFRACTORY   GOLD-ORES  OF  QUEENSLAND :  THEIR  SOURCES 
AND  TREATMENT. 

By  E.    A.    Weinberg.      Be/>or(.  of  the  Sixth    Meeting  of  the  Australasian 
Association  for  the  Advancement  of  Science,  1895,  pages  257-265. 

The  term  "refractory  gold-ores  "  is  intended  to  designate  those  ores  which  will 
not  yield  their  gold,  or  only  a  small  portion  of  it,  to  ordinary  treatment  by 
amalgamation  on  copper  plates.  Their  occurrence  in  Queensland  is  generally  either 
massive  or  distributed  through  the  quartz,  as  auriferous  iron,  arsenical,  and  copper 
pyrites,  as  auriferous  sulphide  of  lead,  bismuth,  antimony,  and  zinc,  and,  finally,  as 
telluride. 

Queensland  is  well  provided  with  metallurgical  works,  which  are  able  to  deal 
with  the  refractory  gold-ores  of  the  colony.  There  are  large  chlorination-works  at 
Mount  Morgan,  and  on  a  smaller  scale  at  Charters  Towers  and  Ravenswood. 
There  are  general  smelting-works  at  Aldershot,  which  are  dealing  with  a  large 
quantity  of  auriferous  material,  and  the  cyanide  process  is  in  operation  at  Charters 
Towers,  Croydon,  and  Georgetown. 

Barrel  chlorination  is  the  usual  application  of  the  chlorine  process  in  Queens- 
land, with  the  exception  of  the  Charters  Towers  pyrite- works,  which  have  always 
used  chlorine-vats. 

At  Mount  Morgan,  vats  holding  about  25  tons  of  charge  have  replaced  the 
barrels  and  smaller  vats.  Chlorine-water  is  applied,  and  it  is  claimed  that  the 
consumption  of  the  solvent  can  be  better  controlled. 

The  report  of  the  Mount  Morgan  works  for  the  year  ending  May,  1S94,  placed 
the  extraction  at  almost  95  per  cent,  of  the  assay  value  of  the  ore.  The  cost  of 
chlorination,  including  milling  and  calcining,  was  about  1.5s.  per  ton. 

At  Aldershot,  the  auriferous  pyrites,  complex  ores,  etc. ,  are  being  calcined,  and 
the  slagged  material  is  afterwards  smelted  with  roasted  matte,  oxidized  lead  ores 
and  limestone  in  a  blast-furnace,  to  a  rich  auriferous  silver  lead,  which  is  partly 
refined  at  the  works  and  partly  sent  to  Great  Britain.  The  extraction  is  very 
high,  and  the  works  guarantee  90  to  97  per  cent,  of  the  assay  value  at  £4  per 
ounce,  less  £2  to  £3  per  ton  for  cost  of  treatment. 

With  the  cyanide  process,  the  average  extraction,  from  5  to  10  dwts.  of  ore, 
varies  from  70  to  80  per  cent.,  and  under  favourable  conditions  concentrates 
assaying  from  3  to  4  ounces  per  ton  yield  90  to  95  per  cent,  after  3  or  4  weeks' 
treatment.  The  strength  of  the  first  solution  varies  from  £  to  \  per  cent. ;  the 
number  and  strength  of  subsequent  solutions  and  washes  depend  on  the  quantity 
and  nature  of  the  ore.     The  average  cost  varies  from  7s.  6d.  to  10s.  per  ton. 

M.  W.  B. 


HAULAGE-INSTALLATION  AT  THE  FUCHS  COLLIERY,  LOWER 

SILESIA. 

Die  neue  Seilforderanlage  auf  clem  Steinlcohleribergwerk  cons.  Fuchs  bei  WeisssU  in  in 
NiederscMesien.     By  Fr.  Stolz.     Gluchtuf,  1896,  vol.  xxxii.,  -pages  445-451. 

The  system  adopted  is  that  of  a  smooth,  suspended  endless-rope,  \\  inch  in 
diameter,  and  the  breaking-strain  62}  tons  per  square  inch.  The  hauling  roadway 
is  6,400  feet  long,  beginning  some  160  feet  from  the  Julius  shaft,  and  has  six 
curves,  the  sharpest,  of  11  feet  radius,  being  at  the  junction  of  the  first  cross- 
heading  with  the  main  roadway.     There  are  eight  branches,  at  each  of  which  a 
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double  gradient  is  arranged,  so  that  the  tubs  can  be  automatically  released  from 
the  cables  and  pass  into  the  side  roads  as  required,  and  a  similar  arrangement  is 
provided  on  both  up  and  down  lines  at  the  sharpest  curve  to  allow  the  tubs  to 
run  freelv  round  the  corner.  Guard-rails  are  fixed  in  the  curves,  but  curve-rollers 
are  dispensed  with,  a  considerable  saving  in  wear  and  tear  being  thereby  effected. 
The  outer  rails  in  the  sharp  curve  are  raised  about  2  inches  higher  than  the  inner 
rails,  but  in  the  other  curves  the  inner  rails  are  the  higher  by  between  0-10  and 
0-40  inch. 

The  50  horse-power,  two  cylinders,  condensing  engine  is  placed  at  right-angles 
to  the  roadway,  and  drives  the  hauling-drum  by  a  double-set  of  bevel  gearing. 
The  rope  pulley,  placed  vertically,  is  7  A  feet  in  diameter,  and  has  but  one  groove, 
which  is  lined  with  hemp,  this  arrangement  being  considered  preferable  to 
differential  pulleys,  the  hemp  lining  protecting  the  cable  and  allowing  it  to  slip  in 
case  any  of  the  tubs  get  off  the  rails.  It  also  allows  the  weight  of  the  slack  rope 
tension  to  be  reduced  in  the  present  instance  by  about  half  a  ton.  The  pulley 
at  the  extremity  of  the  system  is  mounted  on  a  four-wheeled  carriage 
running  on  nearly  30  feet  of  rail,  so  that  double  that  quantity  of  stretch  in  the 
cable  can  be  compensated.  The  actual  stretch  after  nine  months'  working  is 
about  20  feet, 

The  empty  tubs  are  hauled  from  the  shaft  by  a  drag-rope  and  allowed  to 
engage  (by  a  V-clip  on  the  front  of  the  truck;  on  the  cable  at  intervals  of  about  60 
feet.  After  passing  the  sharp  curve,  a  certain  number  of  tubs  are  turned  off  into 
each  branch  by  raising  the  cable  by  means  of  movable  rollers,  their  places  being 
filled  by  the  full  tubs  waiting  in  the  branch.  As  soon  as  each  branch  has  received 
its  complement  of  empty  tubs  the  roller  is  lowered  and  the  succeeding  empty  tubs 
pass  on.  At  the  far  end,  the  transfer  to  the  up-road  is  effected  by  three  men,  and, 
the  haulage  being  continuous,  2,400  to  3,000  tubs  can  be  handled  in  a  ten  hours' 
shift  by  a  total  staff  of  twelve  workpeople,  including  the  engineman.  On  arriving 
at  the  end  of  the  up-road,  the  full  tubs  are  released  from  the  cable  automatically 
and  run  down  an  incline  to  the  shaft,  the  clips  being  removed  and  fixed  on  empty 
tubs. 

The  advantages  claimed  for  this  system  are,  that  the  exchange  of  tubs  at 
branches  can  be  effected  in  each  case  by  one  man.  A  considerable  rate  of  speed — 
about  300  feet  per  minute— is  attained,  and  the  rolling  stock  can  be  kept  at  a 
minimum,  only  194  tubs  being  required  on  the  cable  at  one  time.  The  high  speed 
and  small  number  of  trucks  allow  of  a  light  cable  being  used. 

All  things  considered,  this  smooth-rope  system  without  curve-rollers  allows 
greater  difficulties  to  be  surmounted  than  can  be  overcome  by  the  chain  system 
with  curve -rollers.  The  cost  of  making  the  curves  of  such  radius  that  the  tubs 
can  pass  without  being  released  from  the  cable  is  little,  if  at  all,  greater  than  that 
of  the  rollers,  and  the  heavy  item  of  repairs  is  avoided.  Another  advantage  of  the 
system  is  that  the  cable  need  not  be  at  such  high  tension  as  where  rollers  are  used, 
and  is  therefore  subject  to  less  wear  from  friction.  It  is,  however,  necessary  to 
prevent  the  cable,  moving  in  one  direction  on  the  curves,  from  coming  into  contact 
with  the  cars  moving  the  other  way,  and  this  may  be  done  either  by  means  of  a 
partition  of  pillars  between  the  up  and  down  lines,  or  by  keeping  a  sufficient  num- 
ber of  tubs  on*  the  cable,  i.e.,  maintaining  a  regular  interval  of  distance  between 
•the  tubs  throughout.  This  object  is  effected  by  keeping  some  forty  tubs  in 
readiness  at  No.  7  branch,  and  adding  them  as  required  to  the  general  circulation. 
When  there  are  no  full  tubs  ready,  the  haulage  is  stopped  by  signal ;  but  such 
interruptions  may  be  avoided  by  fixing  the  percentage  of  tubs  to  be  removed  at 
each  branch,  and  keeping  a  sufficient  number  in  readiness. 
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All  the  branches  are  connected  with  the  engine-room  by  electric  signalling 
apparatus,  and  telephonic  communication  is  also  installed,  so  that  any  mishap  can 
be  promptly  and  clearly  indicated,  the  current  from  the  18  Leclanche"  cells  in  the 
engine-room  being  strong  enough  to  actuate  the  whole  of  the  8  bells  in  the  road- 
ways at  once.  C.  S. 


EXDLESS-ROPE  HAULAGE  AT  THE  ROLAND  COLLIERY, 
RHENISH  PRUSSIA. 

Die  machinelle  Streehen-Forderung  mit  iiberliegendem  glatten  Stile  ohne  Ende  im 
JJauptquerscMage  der  III.  Sohle  dtr  Zeche  Roland,  bei  Oberhausen.  By 
W.  Bextrop.     Gliickauf,  1896,  rol.  xxxii.,  page  413,  with  drawings. 

The  high  cost,  slight  duty,  and  clumsiness  of  horse  haulage,  with  expensive 
repairs  to  the  tubs  and  renewals  of  the  way,  in  the  northern  main  cross-cut  of 
the  third  level  (which  has  a  good  roof  throughout)  of  the  Roland  pit,  led  to  the 
adoption  of  mechanical  traction. 

The  cross-cut,  4,000  feet  long,  averages  6^  feet  high  by  7 J  feet  wide  ;  and  the 
gradient  varies  generally  between  1  in  100  and  1  in  160.  The  gan.ge  of  the  rails  is 
20  inches,  and  the  distance  between  the  centre  lines  of  the  two  tracks  is  3J  feet, 
so  that  there  is  a  free  space  of  2  feet  between  the  centre  lines  of  the  inside  rails, 
thus  permitting  the  passage  of  workmen  between  the  full  and  empty  tubs.  The 
rope  is  worked  by  a  steam  engine,  with  two  cylinders,  each  8f  inches  in  diameter 
and  13  inches  stroke,  which  is  geared  so  as  to  drive  a  horizontal  pulley,  having 
two  grooves  lined  with  hemp,  the  rope  being  kept  taut  by  a  suspended  weight. 
In  the  cross-cut,  the  rope  is  carried  by  53  Hasenclever  rollers,  keyed  on  inclined 
spindles,  for  the  full  and  empty  tubs.  The  round  rope  is  \%  inch  in  diameter, 
consisting  of  six  strands,  each  formed  of  eight  steel  wires  and  three  soft  iron  core- 
wires,  and  also  a  hempen  core,  the  breaking  strain  being  over  13  tons.  The 
maximum  duty  is  95  full  tubs,  weighing  16  cwts.  each,  and  the  same  number  of 
empty  tubs,  weighing  6  cwts.  each,  so  that  the  strain  on  the  rope  does  not  exceed 
l-35  tons.  Adding  to  this  25  per  cent,  for  other  losses  by  friction  brings  up  the 
work  at  the  circumference  of  the  driving  pulley  to  1  "70  tons. 

The  cost  of  hauling  a  ton  per  mile  is  about  ljd.  J.   W.  P. 


AXLE-BOX  FOR  MINE  TUBS. 

Note   des  mines  de  La  Chapelle-sous-Dun.       By  —  Gardox.      Comptes    Rendus 
Mensuels  de  la  Societe  de  V Industrie  Minerale,  1895,  page  274. 

It  being  essential  to  double  the  output  of  the  Saint-Louis  shaft  of  La  Chapelle- 
sous-Dun  colliery,  and  at  the  same  time  to  reduce  the  actual  time  of  winding  to  ~\ 
hours,  in  order  to  preserve  the  eight-hours  day,  it  was  only  by  modifying  the  plant, 
so  as  to  hasten  each  operation,  that  such  a  result  could  be  obtained.  Among  the 
improvements  adopted  was  a  tub  wheel  containing  an  axle-box  of  large  diameter, 
a  cover  that  could  not  come  unscrewed,  and  with  a  reservoir  that  would  avoid 
loss  of  oil  at  the  tipplers,  and  when  tipping  the  tubs  on  their  side  for  unloading 
gobbin  or  large  coal. 

The  problem  of  rendering  the  joint  unaffected  by  shock,  preserving  it  for 
inspection,  and  allowing  of  the  cleaning  of  the  box  is,  it  is  believed,  solved  by  the 
arrangement  adopted,  in  which  the  box  is  made  to  project  considerably  beyond  the 

VOL.  XLV.— 1S95-96.  ' 
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end  of  the  axle,  and  sunk  at  the  outer  end  so  as  to  receive  the  cover.  The  latter  is 
attached  by  a  single  bolt ;  and  the  joint  is  made  with  a  washer  of  refuse  india- 
rubber,  leather,  or  asbestos.  Since  this  box  has  been  adopted,  the  haulage  over 
bad  and  muddy  roads,  with  a  floor  that  often  heaves,  has  been  greatly  improved, 
while  considerable  saving  is  effected  in  oil  as  well  as  in  wear-and-tear. 

J.  W.  P. 


BRAKE  AND  PULLEY  FOR  SELF-ACTING  INCLINES. 

Polities  de  Plam  inclines automoteurs.     By  Prosper  Vanhassel.     Recne  Universette 

des  Mines,  etc.,  1895,  vol.   xxxi.,  page  232,  and  figures. 

In  1887,  with  a  view  to  reduce  the  number  of  accidents  that  occurred  on  self- 
acting  inclines,  the  Belgian  Mine  Administration  enjoined  mine-owners  to 
use  pulleys,  either  with  a  screw-brake  or  with  a  brake  normally  kept  on,  and  only 
taken  off  during  the  action  of  raising  and  lowering  tubs. 

With  the  view  of  complying  with  the  injunction  of  the  Belgian  Mine  Adminis- 
tration, the  author  has  invented  a  pulley  consisting  of  (1)  a  frame  formed  of  two 
flat  steel  bars,  which  not  only  keep  the  wheel  in  place,  but  also  clamp  the  sides  of 
its  rim  after  the  manner  of  a  brake  ;  (2)  a  cast-steel  grooved  pulley,  the  shaft  of 
which  revolves  in  holes  in  the  bars  of  the  frame  and  in  steel-boxes  bolted  thereto  ; 
(3)  two  right  and  left-handed  screws,  arranged  parallel  with  the  pulley-shaft  and 
on  either  side  of  it,  for  bringing  nearer  together  or  separating  the  two  bars  of  the 
frame,  according  as  it  is  desired  to  put  on  or  take  off  the  brake  ;  and  (4)  two 
levers  for  working  these  screws,  connected  together  by  a  link,  so  that  one  move- 
ment works  both  screws. 

The  new  pulley  simplifies  and  lightens  the  woi'k  of  the  brakesman,  as  about  a 
pound's  pull  on  a  lever  of  4  to  6  inches  is  sufficient  to  ensure  stoppage.  The 
parts  are  all  interchangeable,  the  construction  is  simplified,  maintenance  and 
repairs  are  facilitated,  and  the  first  cost  is  lessened.  The  weight  of  the  pulley  is 
greatly  reduced,  thus  exerting  a  favourable  influence  on  its  transport  and  erection, 
while  this  latter  work  is  simplified  by  the  fact  that  the  pulleys  have  both  sides 
alike  ;  and  at  the  same  time  the  fatigue  of  the  brakesman  is  diminished  and  the 
general  safety  increased.  J.  W.  P. 

BALANCE  WITH  WATER-BRAKE  FOR  LOWERING  GOB  MATERIAL. 

Balance  hydraulique  de  Saint-Eloy.     By  —  Batjdrey.      Comptes  Rendus  Mensuels 
de  la  Society  de  V Industrie  Minirale,  1895,  page  272. 

In  the  north  pit  of  the  Saint-Eloy  collieries,  it  was  required  to  lower  a  mass  of 
gob  material,  weighing  from  1*2  to  2*5  tons  per  minute,  to  a  depth  of  540  feet,  at 
a  mean  speed  of  13  feet  per  second,  the  resistance  opposed  to  the  maximum 
descending  load  of  2^  tons,  acting  as  motor,  being  therefore  133  horse-power.  The 
ordinary  balance  with  drum  and  strap-brake,  the  Villiers  air-brake,  and  methods 
for  utilizing  the  force  given  out  by  the  descending  weight  in  compressing  air  or 
forcing  water,  were  rejected,  the  following  arrangement  being  adopted. 

On  a  drum,  9  feet  in  diameter,  two  ropes,  \\\  inches  in  diameter,  are  alternately 
wound  up  and  unwound,  the  drum-shaft,  carried  by  two  plummer-blocks,  having 
cranks  at  each  end,  keyed  at  right  angles,  each  coupled  with  a  connecting-rod  to 
the  piston-rod  of  a  cylinder  or  pump-barrel.  The  piston-rods  pass  through  both 
cylinder-covers,  tightness  being  ensured  by  cupped  leathers  and  water  joints  ; 
and  each  barrel  (the  two  being  identical)  is  13J  inches  in  diameter,  with  a  stroke 
of  39§  inches.     The  fore  and  back  ends  are  connected,  both  by  a  passage  at  the 
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side  and  by  two  pipes  passing  over  the  top,  each  of  the  latter  being  provided 
with  a  valve,  so  arranged  that  one  shall  rise  at  the  forward  and  the  other  at  the 
backward  stroke  of  the  piston,  and  both  being  kept  down  on  their  seats  by  a 
spiral  spring  that  can  be  regulated  by  a  set-screw.  The  side-passage  between  the 
ends  of  the  cylinder  has  in  the  middle  a  shut-off  valve  worked  by  a  wheel  and 
helicoidal  screw,  of  which  latter  about  five  turns  are  required  for  complete  closing, 
this  arrangement  being  adopted  with  the  object  of  avoiding  the  shock  that  would 
occur  with  sudden  closing.  When  the  barrels  and  pipes  are  full  of  water,  the  load 
to  be  let  down  is  loaded  on  to  the  cage,  and  the  signal  given  to  the  brakesman,  he 
opens  the  shut-off  valves,  when  the  pistons  move  in  the  barrels,  causing  the  water 
to  pass  simultaneously  from  the  fore  to  the  back  end  and  inversely,  the  opening  of 
the  shut-off  valve  being  regulated  so  as  to  give  a  speed  of  13  feet  per  second,  while 
a  partial  closing  slackens  the  speed,  and  total  closing  brings  about  stoppage.  The 
water,  which  soon  becomes  heated  by  being  churned  in  the  cjdinder  and  wire- 
drawn in  the  pipes,  is  renewed  from  a  supply  at  a  higher  level,  entering  the 
cylinder  at  the  under  part,  to  leave  it  by  the  pipes  over  the  top,  the  inlet  and 
discharge-valves  being  worked  by  levers  within  reach  of  the  brakesman,  so  that 
the  water  can  easily  be  changed  between  two  lifts.  A  powerful  brake  is  held  in 
reserve  in  case  of  need. 

Calculation  of  the  diagrams  taken  with  variable  loads  gave  the  following 
results  : — With  two  empty  tubs,  weighing  with  the  rope  1  ton,  going  down  at  a 
speed  of  13  feet  per  second,  the  resistance  to  be  opposed  is  54  horse-power ;  with 
one  tub  filled  with  gob  and  one  empty,  74  horse-power  ;  and  with  both  tubs 
filled  with  gob,  the  resistance  arranged  for,  viz.,  133  horse-power. 

J.  W.   P. 


ROASTING  IRON  AND  MANGANESE   ORES. 

Note  sur  le  Grillage  des  Minerals  carbonates  de  Fer  et  de  Manganese.     By  S.  Jordan. 

Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc.  1895,  vol.  xxxi.,  page  1. 

The  roasting  of  iron  and  manganese  carbonates  does  not  constitute  a  simple 
calcination  merely  ;  but  in  order  that  the  operation  may  be  complete  after  the 
carbonic  acid  is  set  at  liberty,  the  remaining  protoxide  should  be  transformed  into 
peroxide  as  regards  the  iron,  and  into  red  oxide  as  regards  the  manganese,  on  account 
of  the  further  treatment  to  which  these  ores  have  to  be  subjected.  The  super- 
oxidation  of  the  protoxide  develops  a  quantity  of  heat  greater  than  that  absorbed 
in  the  volatilization  of  the  carbonic  acid,  so  that  the  complete  roasting  of  iron  and 
manganese  carbonates  is  effected,  theoretically,  without  expenditure  of  heat. 
Consequently  such  ores  should  be  roasted  without  consumption  of  fuel :  i.e.,  the 
operation  should  continue  by  itself,  when  once  started,  if  these  ores  were  pure  and 
did  not  contain  earthy  carbonates,  which  require  more  heat  for  their  decomposition, 
or  water  that  also  absorbs  heat  for  its  vaporization.  The  following  are  the 
conditions  according  to  which  carbonated  iron  ores  are  roasted  in  an  oven  with 
shaft  like  a  blast-furnace,  fired  by  small  coal. 

The  layers  of  ore,  alternating  with  a  small  proportion  of  fuel — \  per  cent,  for 
instance— should  first  descend  evenly  over  the  whole  horizontal  section  of  the  oven 
into  a  preliminary  decarbonatation  level  (etage),  becoming  heated  progressively  by 
contact  with  the  upward  gaseous  current.  Arrived  at  a  certain  depth,  the  ore 
meets  a  zone  heated  to  400  or  500  degrees  Cent.,  where  it  commences  to  lose  its 
carbonic  acid,  and  afterwards  arrives  at  the  zone  of  combustion,  or  region  where 
the  slight  proportion  of  coal  is  quickly  burnt  by  the  very  hot  air  from  the  bottom 
of  the  oven,  thus  raising  the  temperature  sufficiently  to  complete  the  driving  off  of 
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the  carbonic  acid.  Here  the  coal  only  diminishes  slightly  ;  but  below  the  zone  of 
combustion,  merely  the  ash  remains.  The  ore  should  continue  to  descend — 
becoming  looser  rather  than  tighter — at  the  superoxidation-level,  in  the  midst  of 
an  afflux  of  air  arriving  through  the  whole  horizontal  section  of  the  oven.  This 
air,  entering  through  the  openings  made  for  discharging,  and  also  by  the  hearth, 
is  gradually  heated,  as  it  rises,  by  contact  with  particles  of  calcined  ore,  either 
throiigh  their  own  temperature,  due  to  passage  through  the  upper  level,  or  through 
the  superoxidation  of  the  protoxide.  The  air,  having  at  the  same  time  lost  a 
little  of  its  oxygen,  reaches  at  a  high  temperature  the  zone  of  combustion  where, 
notwithstanding  its  loss  of  oxygen,  it  soon  burns  the  fuel  encountered.  The  ore 
will  arrive  at  the  bottom  of  the  oven  completely  superoxidized  if  the  influx  of  air  be 
sufficient,  and  slightly  cooled  and  having  regained  the  consistency  which  it  had  to  a 
certain  extent  lost  through  the  loss  of  the  carbonic  acid.  If  the  influx  be  in- 
sufficient, however  the  ore  will  reach  the  bottom  imperfectly  superoxidized,  more 
friable  and  at  a  temperature  which  may  render  its  discharge  very  difficult. 

Instead  of  too  large  a  proportion  of  fuel  effecting  a  better  roasting  as  the  zone 
of  combustion  is  larger  in  such  a  case,  the  protoxide  has  not  so  much  space  for 
becoming  superoxidized,  but  arrives  still  hot  at  the  discharging-point,  while  the 
yield  may  diminish.  This  cannot  be  remedied  by  increasing,  through  a  more 
rapid  discharging,  the  speed  with  which  the  materials  descend  ;  indeed,  it  may  be 
necessary  to  delay  the  discharge,  and  therefore  diminish  the  production  of  the 
oven.  The  quantity  of  air  which  enters  below  cannot  be  increased  or  diminished 
at  pleasure  except  by  complications  in  the  kiln  ;  but  care  must  be  taken  to  prevent 
the  air-inlets  from  being  obstructed  by  dust  or  pieces  of  ore,  in  which  case  the 
combustion  will  not  be  complete  at  its  proper  level,  the  atmosphere  of  the  lower 
part  of  the  oven  will  cease  to  be  sufficiently  oxidizing  and  the  ore  will  arrive  at 
the  discharging-point  too  hot  and  imperfectly  roasted.  J.  W.  P. 


A  MINE  OWNED  AND  WORKED  BY  MINERS  IN  FRANCE. 

Etude  administrative  sur  les  Mines  de  Bancie'.     By  —  Villot.     Annates  des  Mines, 

1896,  vol.  ix.,  page  205. 

"  La  mine  au.c  mineurs"  expresses,  according  to  some  persons,  the  idea  towards 
which  progress  should  lead  future  generations  in  the  working  of  mineral  wealth. 
French  mining  legislation  is  in  no  way  opposed  to  a  mining  royalty  being  con- 
ceded to  working  miners  ;  but  the  words  quoted  above  suggest  the  raising  to  the 
height  of  a  new  principle  the  fact  that  the  miner,  when  extracting  the  mineral 
from  the  depths  of  the  earth,  then  and  there  takes  possession  thereof.  It  so 
happens  that,  owing  to  various  and  special  circumstances,  a  few  cases  exist  in 
France  where  mine  workings  approach  more  or  less  closely  to  this  ideal  state  of 
things  ;  and  the  most  remarkable  is  that  of  the  Rancie  iron-mines,  in  the  depart- 
ment of  Ariege.  Owing  to  their  very  long  existence,  to  the  successive  modifications 
tried  for  warding  off  the  difficulties  of  which  they  have  been  the  scene,  and 
specially  to  the  last  modification  that  has  been  carried  out  quite  recently,  it 
appeared  to  the  author  that  their  history  would  convey  a  lesson  of  the  greatest 
importance,  while  bringing  forward  some  curious  episodes  both  technical  and 
administrative. 

The  author  describes  the  nature  of  the  Rancie  deposit,  and  traces  the  various 
vicissitudes  undergone  by  the  mine  from  the  charter  of  1293  to  the  law  of 
February  15th,  1893,  with  the  principal  provisions  of  the  decree  of  April  24th  of  the 
same  year.     The  author  concludes  that  liberality  ill  appropriated  to  the  condition 
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of  those  on  whom  it  is  bestowed  may  prove  the  source  of  their  misfortunes  ;  that 
all  property  made  over  to  a  group  of  individuals  will  be  endangered  unless,  for 
turning  it  to  account,  a  competent  and  responsible  authority  be  constituted  for 
its  administration  in  the  common  interest ;  that  the  law  of  supply  and  demand 
is  not  nearly  becoming  obsolete  ;  and  that,  as  soon  as  a  mine  becomes  at  all 
important,  it  cannot  dispense  with  capital,  which  has  been  truly  defined  as 
representing  the  accumulation  of  work. 


RESPONSIBILITY  FOR  DAMAGE  CAUSED  BY  INDUSTRIAL 

ESTABLISHMENTS  IN  FRANCE. 

Dela  ResponsabUite  des  Dommages  causes  par  le   Voisinage  des  Etablissenititt*  in- 

dustrids.     By  Leox  Michel.     Bulletin  de  la  SocidU  de  Vlndustrie  Minerale, 

1895,  vol.  ix.,  page  847. 
Every  owner  may  erect  works  on  his  own  land  ;  but,  for  avoiding  abuses,  in- 
dustrial  establishments  are  divided  by  French  law  into  three  classes,  while  the 
owner  must  obtain  previous  authorization ,  which,  however,  does  not  prevent  a 
third  party  from  entering  an  action  for  indemnity.  In  order  that  the  civil  re- 
sponsibility of  the  owners  of  industrial  establishments  be  admitted,  the  damage 
must  be  serious,  and  exceed  what  is  generally  tolerated  in  a  manufacturing  town. 
The  principal  nuisances  resulting  from  the  existence  of  industrial  establishments 
are  noise,  smoke,  bad  smells,  or  emanations,  and  the  pollution  of  water.  The 
danger  of  fire  or  explosion  gives  no  right  to  indemnity,  because  it  constitutes  a 
purely  eventual  damage  ;  and  the  mere  presence  of  an  industrial  establishment 
does  not  afford  ground  for  damages.  By  article  9  of  the  decree  of  1810,  an  individual 
building  in  the  neighbourhood  of  manufactories  and  workshops,  after  then  erection, 
is  debarred  from  applying  for  their  removal ;  but  this  provision  does  not  deprive  the 
owner  of  a  building  from  the  right  of  claiming  indemnity  for  the  damage  caused 
by  the  works,  while  the  enhanced  value  of  his  property,  owing  to  the  existence  of  the 
industrial  establishment,  must  be  taken  into  consideration  as  a  set-off  in  estimating 
the  damages.  Actions  for  indemnity  must  be  brought  before  the  civil  tribunal,  which 
cannot  order  the  suppression  of  an  authorized  establishment,  although  the  judges 
can,  under  certain  conditions,  prescribe  the  execution  of  works  for  abating  the  nuis- 
ance complained  of.  The  injury  caused  is  generally  compensated  by  a  yearly  pay- 
ment ;  but  in  some  cases  the  court  may  allow  a  lump  sum  by  way  of  compensa- 
tion. J.  W.  P. 


EFFICIENCY  OF  A  LOCOMOTIVE  ENGINE  WITH  SEPARATE  STEAM 
AND  EXHAUST-VALVES. 

Note  sur  les  Essais  comparatifs  faits  a  la  Compagnie  d'Orlians  swr  line  Locomotive 
munie  de  la  Distribution  a  tirovrs,  d* admission  et  cVechappemenl  independants, 
ct  sur  une  Locomotive  avec  Distribution  a  tiroir  a  coquille.  By  Ernest 
Poloxceatt.     Annates  des  Mines,  1895,  vol.  viii.,  page  651. 

The  author  made  comparative  haulage-trials,  in  September  and  October,  1894, 
by  two  dynamometer-waggons  on  locomotive  No.  332  with  four  valves,  and  No.  337 
with  ordinary  slide-valves,  drawing,  sometimes  one  and  sometimes  the  other, 
twenty-four  trains  running  backwards  and  forwards  between  Paris  and  Orleans, 
every  possible  precaution  having  been  taken  to  avoid  error  in  the  observations. 

The  expenditure  of  steam  per  horse-power  per  hour  by  locomotive  engine  No. 
332  (with  four  valves),  measiu'ed  at  the  tender  draw-bar,  was  foimd  to  be  lDlQper 
cent,  less  than  that  of  engine  No.  337  (with  ordinary  slide-valves)  ;  and  the  quantity 
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of  coal  consumed  by  the  former  engine  was  6-3  per  cent,  less  than  that  consumed  by 
the  latter,  a  weight  of  1  pound  of  coal  having  generated  8'17  and  7*81  pounds  of 
steam  respectively  in  the  two  locomotives,  which  are  absolutely  identical,  except 
as  regards  the  valves.  The  separate  valve  arrangement  has  the  additional  ad- 
vantage of  permitting  the  engine  to  run  at  a  greater  speed,  and  also  to  get  up 
speed  more  quickly.  The  locomotive  with  four  valves,  drawing  a  mean  load  of 
167  tons,  often  attained  a  speed  of  67  miles  per  hour,  which  was  never  attained  by 
that  with  ordinary  slide-valves,  the  former  having  frequently  made  up  lost  time, 
while  No.  337  engine  could  not  gain  a  single  minute  on  a  run  of  about  20  miles. 

In  the  cylinders,  the  mean  work  done  by  1  pound  of  steam  was,  for  No.  337 
engine,  102,967  foot-pounds,  and  for  No.  332  (with  separate  valves)  113,400  foot- 
pounds, showing  a  general  saving  by  the  latter  of  9'2  per  cent.  These  results  agree 
very  nearly  with  those  obtained  by  the  dynamometer- waggons,  which  show  a  saving 
of  11-19  per  cent,  effected  by  the  four-valved  engine,  but  for  the  whole  run  of  the 
train,  which  includes  work  done  by  the  steam  at  full  admission  as  well  as  with 
early  cut-off,  while  it  was  anticipated  that  this  latter  case  would  alone  show  any 
appreciable  saving. 

These  experimental  trials  were  made  with  engines  whose  boilers  were  both 
worked  at  a  pressure  of  142  lbs.  per  square  inch,  which  was  scarcely  ever  ex- 
ceeded a  few  years  ago ;  but,  now  that  much  higher  pressures  are  employed,  there 
is  little  doubt  that  far  greater  savings  may  be  effected  with  separate  admission 
and  exhaust-valves,  while  the  mere  fact  of  increasing  the  above-named  pressure  by 
one-half  ensures  an  economy  of  14  to  15  per  cent.  J.  W.  P. 


METHODS  OF  TESTING  MATERIALS. 

Conclusions  de  la  Premiere  Section  de  la   Commission  des  Methodes  d'Essai  des 
Materiaux  de  Construction.     Annates  des  Mines,  1896,  vol.  Ix.,  page  468. 

The  French  commission  on  methods  of  testing  building-materials  was  appointed 
by  decree  in  1891,  with  the  mission  of  formulating  uniform  rules  to  be  adopted  in 
the  testing  of  materials,  and  of  determining  the  iinits  to  be  taken  as  terms  of  com- 
parison. This  commission  was  divided  into  two  sections  :  one  charged  with  inves- 
tigations relating  to  metals,  and  the  other  with  those  concerning  materials,  other 
than  metals,  such  as  enter  into  the  constitution  of  masonry  work.  Both  sections 
have  published  valuable  treatises,  and  also  general  reports.  The  propositions  of 
the  commission  have  been  accepted  by  a  large  number  of  administrative  bodies  ; 
and  its  prescriptions  now  find  a  place  in  many  specifications. 

The  first  section,  in  drawing  up  its  conclusions,  has  made  a  point  of  keeping  to 
an  examination  of  testing  methods,  which  forms  the  programme  of  the  commis- 
sion's labours,  carefully  avoiding  the  emission  of  any  opinion  as  to  the  conditions 
to  be  imposed,  so  as  to  leave  both  producers  and  consumers  perfectly  free  in  this 
respect.  While  studying  the  various  methods  of  testing,  the  section  has  also 
thought  well  to  show  no  preference  for  any  one  method  for  a  given  application. 

The  first  part,  on  physical  tests,  is  divided  into— (1)  physical  examination  ;  (2) 
determination  of  physical  constants  ;  (3)  physical  study  of  variations  in  the  condi- 
tion of  metals  under  changes  of  temperature  ;  and  (4)  hardening.  The  second  part, 
on- chemical  tests,  contains— (1)  analysis  of  metals  and  alloys ;  and  (2)  corrosion  and 
adherence  tests  of  protecting  coverings. 

The  third  part,  on  mechanical  tests,  with  recommendations  common  to  all  test 
methods,  contains  :— (1)  general  observations;  (2)  preparation  of  test-pieces;  (3) 
influence  of  temperature  on  the  results  of  tests  ;  (4)  influence  of  duration  on  the 
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results ;  (5)  general  observations  on  testing  apparatus  ;  and  (6)  examination  of  the 
quantities  to  be  measured,  as  to  which  the  following  observations  may  be  quoted  : 
—  (a)  In  a  complete  test  it  is  advisable  to  record  the  strains  and  deformations  cor- 
responding with  the  two  characteristic  periods  which  occur  in  every  test  effected 
with  continuous  action,  viz. ,  elastic  and  permanent  deformations  ;  and  (h),  as  regards 
the  elastic  period,  the  three  following  limits  are  to  be  distinguished: — (re1)  the  limit 
of  elasticity  when  the  deformations  cease  to  be  instantaneous  ;  (fe1)  the  proportional 
limit  of  elasticity,  or  limit  of  proportional  deformations  corresponding  with  the 
point  where  the  deformations  cease  to  be  proportional  to  the  strains  ;  and  (■•'  |  the 
apparent  limit  of  elasticity,  or  starting-point  of  the  deformations  under  a  constant 
load,  corresponding  with  the  point  where  the  deformations  acquire  an  increasing 
value  without  increase  of  the  effort  exerted.  The  remaining  chapters  of  this  part 
deal  with  (7)  mechanical  and  (8)  technical  terminology. 

The  fourth  part,  on  mechanical  tests,  with  a  detailed  study  of  the  various 
methods,  is  divided  into  five  classes,  each  subdivided  into  chapters  :  the  first  class 
comprising  test  methods  with  graduated  action  ;  the  second,  test  methods  with 
sudden  action ;  the  third  class,  hardness  and  fragility;  the  fourth,  workshop  tests ; 
and  the  fifth,  special  tests  of  certain  finished  parts.  J.  W.  P. 


OCCURRENCE  OF  MERCURY  IN  THE  ASTURIAS,  SPAIN. 

L>  Mercian    dans  les  Asturies.     By  A.  Dory.     Revue  UniverseUe  des  Mines,  de  la 
Metallurgie,  etc.,  1895,  vol.  xxxii.,  pages  209-247,  and  5 y 

A  large  portion  of  the  mineral  wealth  of  the  Asturias  consists  in  its  production 
of  mercury,  which  was  nearly  4,000  flasks  in  1893. 

Various  theories  have  been  promulgated  to  account  for  its  origin.  At  La 
Peua  in  Mieres  (Asturias),  the  ore  occurs  in  a  breccia  at  its  contact  with  the  upper 
schists  and  quartzites  of  the  Mountain  Limestone ;  at  Pelugano,  the  deposit 
occupies  a  fissure,  of  which  the  Mountain  Limestone  forms  the  hanging-  and 
Devonian  quartzite  the  foot-wall  ;  at  Lada,  cinnabar  is  found  impregnating  three 
seams  of  coal  and  Carboniferous  conglomerates  ;  whilst  at  various  other  places  in 
the  province,  red  cinnabar,  accompanied  by  a  very  rich  black  sulphide  (meta- 
cinnabarite)  realgar,  orpiment,  and  metallic  arsenic,  occurs  in  limestone,  in 
sandstones,  and  in  metamorphic  schists.  The  author  considers  the  mercury  to 
have  been  deposited  in  some  cases  by  water  circulating  in  rock-fissures,  and  in 
others  by  currents  of  gases  and  metallic  vapours  which  condensed  in  pre-existing 
cavities. 

The  method  of  treatment  consists  in  roasting  the  ore  in  fmnaces  of  various 
types,  by  which  operation  metallic  mercury  and  sulphurous  acid  are  produced. 
Several  kinds  of  furnaces,  differing  more  particularly  in  their  condensers,  are 
employed  in  the  Asturias  ;  the  older  forms,  the  Aludel  furnace,  the  Idrian  furnace, 
and  the  Pipe  furnace  (Rivermore),  all  of  which  work  intermittently,  are  being 
gradually  replaced  by  two  forms  of  the  Rodriguez  furnace,  which  work  con- 
tinuously, and  show  a  far  smaller  loss  of  mercury. 

Together  with  mercury,  an  arsenical  fume  is  deposited  in  the  condensers  ;  it  is 
washed,  when  it  contains  62-78  per  cent,  of  arsenious  acid  and  14  per  cent,  of 
mercury,  and  is  redistilled,  which  latter  operation  brings  its  richness  up  to  90  -73 
per  cent,  of  arsenious  acid  and  8 '6  per  cent,  of  mercury.  H.  L. 
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SELF-ACTING  WAGGON-TIPPLER. 

Selbsthatiger  Druckwasser-KoMenkipper  (System  Schmitz-Rohde).     Centralblatt 
der  Bauverwaltung.     Gluclcauf,  1896,  vol.  xxxll,  page  661. 

The  Krupp  hydraulic  tippler,  for  tipping  the  contents  of  coal-waggons  into 
barges  at  the  Ruhrort  and  Dortmund  harbours,  is  capable  of  tipping  from  120  to 
150  ten  or  fifteen-tons  waggons  in  a  day  of  ten  hours.  The  work  given  out  by  the 
loaded  waggon  when  being  tipped  is  stored  in  an  accumulator,  and  utilized  for 
bringing  back  the  empty  waggon,  while  the  work  of  tipping  involves  no  expense,  as 
no  other  power  is  used.  All  the  coal  and  coke  waggons  of  the  Royal  Prussian  and 
German  State  railways,  with  their  various  brake  arrangements,  and  with  wheel 
bases  varying  from  8|  feet  to  14|  feet  may  be  tipped,  without  making  any  change 
in  waggon  or  tippler,  provided  the  former  have  a  movable  end. 

The  tippler  consists  of  a  platform  turning  on  a  horizontal  axis,  and  having  in 
addition  a  fixed  working-floor,  from  which  nothing  projects  except  the  lever  of 
the  regulating- valve  for  turning  the  platform,  and  holding  it  fast  at  any  desired 
angle  between  0  and  45°.  The  front  of  the  platform,  provided  with  a  wide 
shoot,  narrowed  however  to  a  smaller  width  on  the  water-side,  is  supported 
by  a  plunger  moving  in  a  cylinder,  which  latter  is  always  under  pressure. 
Glycerine  is  added  to  the  water  for  protection  from  frost ;  and  the  cylinder  is, 
with  its  accumulator  and  regulating-valve,  enclosed  in  brickwork,  being  thus 
protected  from  dust.  On  a  loaded  coal-waggon  being  run  on  to  the  platform,  the 
flanges  of  its  front  wheels  press  upon  a  clamping  arrangement  provided  with  two 
powerful  hooks,  held  up  spring  fashion,  which  grasp  the  front  axle  and  hold  it 
fast  in  the  desired  position.  During  this  movement,  the  regulating-valve  is 
closed ;  and,  as  the  platform  is  held  fast  in  this  position,  its  safe  working  is 
ensured.  It  is,  indeed,  only  after  the  opening  of  the  valve  that  the  platform, 
with  its  shoot,  begins  to  tip.  The  water  under  pressure  rises  in  the  accumulator 
during  the  descent  of  the  plunger,  and  lifts  the  counterweight  to  a  height 
corresponding  with  the  inclination.  The  coal  then  falls  through  the  open  end  of 
the  waggon  on  to  the  shoot,  and  so  into  the  barge.  J.  W.  P. 


ORE-CONCENTRATORS. 

(1)  Neuerungen   i?n   Aufb&reitungswesen.     By  L.    Kirschner.      OesterreichiscJie 

Zeittchrift  fi'tr  Berg-  und  Hiittenwesen,  1895,  vol.  xliii.,  page  91. 

In  this  paper  the  author  calls  attention  to  the  improvements  lately  made 
in  the  Rittinger  table  for  concentrating  coarse  ore.  For  separating  equal-falling 
sands  already  classified  in  water,  the  surface-dimensions  hitherto  employed  in  this 
table  were  known  to  be  larger  than  necessary.  Formerly  two  tables,  each  3  feet 
7  inches  wide,  and  7  feet  8  inches  long,  were  placed  in  one  frame  ;  the  length  has 
now  been  reduced  to  4  feet  2  inches,  without  affecting  the  purity  of  the  con- 
centrates. This  modification  has  diminished  the  weight  of  the  apparatus,  which 
has  been  further  reduced  by  substituting  wooden  frames,  weighing  350  lbs. ,  for 
cast-iron,  weighing  2,800  to  3,000  lbs.  ;  less  motive  power  is  consequently  required. 
The  advantage  of  the  smaller  and  lighter  table  is  that  300,  instead  of  100,  lateral 
bumps  can  be  imparted  to  it  per  minute  ;  308  lbs.  of  sand  can  be  concentrated  per 
hour,  instead  of  286  lbs.,  and  the  output  of  slick  increased  from  about  12  cwts. 
per  month  to  65  cwts.,  or  5^  times  as  much.  The  consumption  of  water  for 
washing  and  concentrating  the  slimes  was  formerly  26J  gallons  per  minute,  it  is 
now  less  than  14  gallons.     Thus  remodelled,  the  Rittinger  side-bump  table  can  be 
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used  for  concentrating  coarse  sand,  its  efficiency  has  been  improved,  defects 
remedied,  and,  in  the  author's  opinion,  it  may  now  compete  successfully  with  the 
best  foreign  types,  both  in  regard  to  the  quantity  and  quality  of  ore  treated. 

The  horizontal  surfaces  for  dressing  the  ore  have  also  been  divided.  The 
buddle  now  consists  of  three  small  wooden  tables,  each  4i  feet  wide  and  3|  feet 
long,  arranged  in  stages,  and  having  the  same  area  as  the  Salzburg  end-bump 
table.  By  this  arrangement  the  ore  is  not  shifted,  and  time  and  labour  are 
economized.  The  three  tables  are  ranked  in  steps,  one  below  the  other,  corre- 
sponding to  the  three  classes  of  concentrates.  The  silver-bearing  lead-ore  on  the 
uppermost  table  is  carried  off  to  a  launder,  the  intermediate  products  on  to  the 
second  table,  and  the  tailings  to  the  third.  This  improved  apparatus,  drawings  of 
which  are  given  in  the  original  paper,  is  called  a  "repeating  table,"  because  the 
ore  is  washed  successively  at  each  stage.  It  is  made  in  duplicate,  with  six  tables 
in  all,  in  pairs,  side  by  side,  two  on  each  level ;  they  are  supported  on  wooden 
props  and  iron  cross-pieces,  and  the  blow  is  imparted  to  each  by  a  cam.  The  six 
cams  are  set  at  an  angle  of  60  degrees  on  a  common  shaft  running  the  whole  length 
of  the  frame,  driven  by  a  belt  and  pulley,  and  carrying  a  small  fly-wheel.  The 
two  highest  frames  receive  the  thrust  direct  from  the  shaft,  the  four  lower  by 
means  of  levers  and  rods.  The  cams  act  on  the  three  tables  on  the  further  side 
through  connecting-rods,  and  each  table  is  brought  back  into  position  by  a  buffer 
spring.  The  wash-water  is  supplied  through  grooves  and  pipes  surrounding  the 
frames,  and  is  discharged  from  each  level  through  grooves  parted  off  into  divisions. 
The  slimes  are  fed  to  the  tables  by  a  Bittinger  pump,  and  are  first  passed  through 
a  brass  wire-sieve,  with  80  holes  to  the  inch.  This  classification  is  necessary,  to 
prevent  any  but  the  finest  slimes  from  reaching  the  tables. 

The  slime  is  first  conveyed  to  the  highest  table,  where  it  mixes  with  the  wash- 
water,  and  is  concentrated.  The  sulphide  of  lead  is  carried  off  to  the  slick- 
receiver,  and  the  intermediate  products  to  the  second  table,  some  of  the  water 
being  drained  off  in  a  leaden  reducing-vessel.  The  tailings  are  treated  in  the 
same  way,  and  after  being  reduced  are  led  off  to  the  third  and  lowest  table.  On 
the  second  table,  where  the  intermediate  products  from  the  first  are  concentrated, 
lead-ore,  mixed  products,  and  tailings  are  again  separated,  and  the  same  process  is 
repeated  on  the  third  table,  unless  the  ore  is  very  poor,  when  all,  except  the  lead- 
ore,  is  thrown  away.  To  treat  the  ore  thus  wasted,  a  fourth  table  might  be 
added,  but  this  would  increase  the  size  of  the  apparatus,  as  a  greater  fall  would 
be  required.  From  J  to  h  horse-power  is  required  to  drive  the  set  of  tables,  and 
the  power  does  not  vary,  as  in  the  Salzburg  table,  where  more  is  needed  according 
to  the  thickness  of  the  bed  of  ore. 

If  instead  of  adapting  existing  frames,  a  new  apparatus  is  set  up,  all  the 
frames  should  be  of  wood  ;  as  no  foundation  is  required  it  is  cheap  and  easy  to  fix. 
According  to  the  experiments,  a  double  set  of  tables  will  deliver  per  hour  440  lbs. 
of  sorted  ore,  passed  three  times  through  a  jig,  or  340  lbs.  if  the  intermediate 
products  are  concentrated  a  second  time  ;  the  latter  is  the  quantity  usually 
reckoned  in  a  Salzburg  end-bump  table.  The  total  concentrates  yielded  51  '5  per 
cent,  of  silver,  and  69  "3  per  cent,  of  lead,  with  traces  of  silver  and  lead  in  the  tailings, 
the  small  percentage  of  loss  being  due  to  the  floating  particles.  Comparative  ex- 
periments made  on  the  Salzburg  and  Rittinger  tables  showed  that  the  output  of 
concentrates  from  the  latter  was  larger.  The  principal  advantages  of  the  new 
type  are  :  simple  and  cheap  construction  and  fixing  ;  less  attendance  required, 
one  man  being  able  to  work  two  sets  of  tables  ;  automatic  supply  and  more  com- 
plete concentration  of  the  ore  ;  diminished  consumption  of  water  and  less  motive 
power.  '•  B.  D. 
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(2)  Du    Aufbereilting  der  Schlamme.      By   Julius   Schwartz.     Oederreichlsche 
Zeitschrift  fur  Berg-  \ind  Huttenwesen,  1895,  vol.  xliii.,  page  681. 

The  author  of  the  second  paper  follows  up  a  previous  article*  upon  the  Bartsch 
round  percussion-table.  Four  of  these  have  been  working  without  intermission 
since  1893  at  the  gold-mines  at  Kremnitz,  in  Hungary,  and  they  have  also  been 
introduced  into  other  gold-mines  in  Upper  Hungary  and  Transylvania.  Since 
1894  they  have  been  further  improved  and  modified,  and  may  now  be  considered 
to  have  reached  their  final  stage. 

The  principle  of  the  Bartsch  apparatus  is  that  of  a  convex  non-rotating  table, 
over  which  the  slime  and  wash-water  distributors  revolve,  and  which  is  continuously 
bumped.  To  produce  the  radial  blows,  it  is  pushed  round  by  a  cam,  drawn  back 
by  a  spring,  and  strikes  sharply  against  two  projections  in  the  outer  circumference. 
The  blows,  80  to  150  per  minute,  follow  rapidly  and  are  delivered  direct  from  the 
base  :  their  effect  is  to  cause  the  ore  to  separate  according  to  weight  in  horizontal 
ridges  along  the  slope,  following  the  parabolic  line  of  the  water-distributor.  The 
heaviest  ores  collect  thickly  in  front  of  the  distributor.  This  result,  which  cannot 
be  produced  in  any  other  way,  may  be  verified  by  placing  a  piece  of  iron  on  the 
table.  Although  the  latter  is  about  13J  feet  in  diameter,  the  motion  imparted 
to  it  is  quick  and  easy.  Attempts  have  before  been  made  to  impart  blows  to 
a  circular  table,  but  the  Bartsch  is  the  only  one  in  which  the  idea  has  hitherto 
been  realized.  Important  improvements  have,  in  the  author's  opinion,  been 
thereby  effected  in  the  dressing  of  ore. 

In  the  careful  experiments  made  at  the  Lohmannsfeld  mine  at  Neunkircken, 
the  mixed  lead  products  were  continuously  concentrated.  Wet  samples  of  the 
different  concentrates  were  constantly  taken,  the  slimes  allowed  to  settle,  and 
the  clear  water  gradually  drained  off.  The  thick  semi-fluid  slime  residuum 
was  then  steamed  and  tested  by  the  wet  process  for  lead  and  zinc.  The  slime  and 
water  being  drawn  off  together,  the  results  obtained  corresponded  to  those  in 
actual  practice.  Samples  of  raw  slimes  were  taken  in  the  usual  way,  before  they 
passed  to  the  table.  As  they  came  from  iron-spar  containing  lead  and  zinc,  only 
spathic  blende  (lead  slick)  and  waste  could  be  concentrated,  and  not  blende  slick. 
The  spathic  blende  might  easily  be  separated  at  the  mine,  by  an  electro-magnetic 
process,  if  the  spathose  slimes  were  mixed  with  some  granular  substance.  As 
iron-spar  and  blende  are  of  the  same  specific  gravity,  to  concentrate  the  zinc-ore 
it  is  only  necessary  to  separate  the  lead-ore  and  tailings. 

With  the  four  Bartsch  concentrators  in  use  at  Kreinnitz,  it  was  found  that 
the  finer  the  slimes  the  more  regular  was  the  yield.  The  ore  is  twice  sifted  and 
the  sand  separated,  then  passed  through  five  jigs,  and  the  slime  reduced  to 
medium  and  fine  meal.  The  former  is  concentrated  on  two  tables  with  a  greater, 
the  latter  on  two  others  with  a  less  slope.  The  clearness  of  the  water  flowing 
from  the  pointed  boxes  shows  that  the  finest  slimes  are  concentrated  on  the 
tables.  With  medium  meal,  the  slime  and  wash-water  distributors  should 
rotate  more  rapidly  over  the  table  than  when  fine  meal  is  treated,  and  the 
blows  delivered  should  be  longer.  Experiments  made  with  slimes  from  the 
same  mine  on  a  Stein  buddle  yielded  unsatisfactory  results. 

Only  fine  or  medium  meal  ought  to  be  concentrated  on  the  Bartsch  table,  if 
they  come  from  the  dressings  of  coarse  ore,  but  larger  slimes  and  meal  up  to  -^ 
inch  in  size  can  be  treated,  if  previously  crushed.  With  gold-bearing  ore,  the 
barren  rock  always  breaks  into  coarser,  the  ore  into  finer  pieces,  and  as  the  former 

-  Trans.  Fed.  Inst,  vol.  ix.,  page  494. 
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are  swept  first  from  the  table,  they  do  not  hinder  the  concentration  of  the  fine  ore. 
The  crushed  ore  varies  constantly  in  size,  but  is  usually  so  fine  that  it  can  only  be 
treated  on  a  table  such  as  the  Bartsch,  which  will  concentrate  both  the  coarser 
meal  and  fine  slimes,  if  properly  adjusted.  The  adjustment  is  effected  by 
regulating  the  number  of  bumps,  and  the  speed  of  revolution  of  the  table  (which 
is  from  |  to  1  revolution  per  minute,  and  not  20  revolutions,  as  erroneously  stated 
by  the  author  in  his  former  paper).  The  consumption  of  wash-water  per  table  is 
11  to  15i  gallons  per  minute  with  fine  slimes,  15|  to  22  gallons  with  medium,  and 
22  to  30  gallons  with  heavy  ores.  The  delivery  of  the  blows  is  a  special  feature  of 
the  Bartsch  table.  One  authority  suggests  that  more  wash- water  should  be  used 
in  place  of  the  bumps,  but  the  best  results,  even  with  moving  tables,  are  obtained 
with  least  water.  More  water,  especially  in  gold-mining,  means  more  waste, 
more  intermediate  products,  and  fewer  rich  concentrates.  If  the  table  be  not 
bumped,  the  water  carries  off  much  fine  slime,  but  this  does  not  happen  with  the 
Bartsch  concentrator,  where  the  blows  reduce  the  quantity  of  water,  and  any  fine 
meal  sucked  up  by  the  action  of  the  distributor  is  again  deposited.  The  finer  the 
slimes,  and  the  less  resistance  they  offer  to  the  water,  the  greater  the  necessity 
for  the  bumps. 

The  author  next  criticizes  experiments  made  with  a  Schranz  table,  and  main- 
tains that  trials  are  only  of  real  value  if  carried  out  on  a  uniform  system,  with 
the  same  slimes.  In  these  experiments,  the  slimes  were  evidently  easy  to  dress, 
and  from  the  large  concentration  of  blende  they  contained  very  little  spathic  iron. 
At  Lohmannsfeld,  the  iron  in  the  slimes  is  25  per  cent.  The  samples  tested  were 
taken  from  the  lower  tables,  and  did  not  give  the  correct  amount  of  waste. 
Much  depends  on  the  method  of  taking  these  samples,  that  they  may  truly 
represent  the  proportion  of  ore  still  left  in  the  tailings  after  passing  through  the 
tables.  The  results  obtained  with  the  Bartsch  table  are,  in  the  author's  opinion, 
more  reliable,  and  the  bump  imparted  more  effective  than  in  the  Lang  and 
Rittinger  buddies. 

Other  tables  used  in  Germany  are  the  Schranz,  which  is  becoming  obsolete,  the 
Stein,  and  the  Liihrig ;  the  latter  has  not  been  found  very  successful,  even  when 
made  compound,  because  the  ore  is  not  sufficiently  concentrated,  and  the  tailings 
are  too  rich.  It  is  also  delicate  to  handle,  and  complicated.  Many  of  these 
rocking-tables  will  not  pay  for  working,  the  surfaces  being  too  small  to  treat  poor 
ore  satisfactorily,  although  the  coarser  ores  are  well  concentrated.  As  they  are 
less  than  half  the  size  of  the  Bartsch,  the  barren  rock  from  them  must  be  richer. 
Another  advantage  possessed  by  the  Bartsch  is  that  the  bump  only  shakes  the 
tabic  and  the  base,  and  does  not  affect  the  distributors.  In  the  Stein,  Liihrig,  and 
frue-vanner  tables,  all  the  moving  parts  are  exposed  to  the  action  of  the  blow. 
The  delivery  of  ore  from  the  Bartsch  table  is  also  much  larger,  although  more 
tables  are  used  with  the  Lidirig  system  than  ought  to  be  required  for  the  normal 
output  of  220  lbs.  per  hour  per  table.  More  attendance  is  necessary,  and  the 
tables  are  apt  to  become  clogged.  The  Linkenbach  table  is  conical,  like  the 
Bartsch  table,  but  has  no  bump,  and  is  much  larger,  although  it  yields  the  same 
quantity  of  tailings.  It  has  been  superseded  by  the  latter  in  Upper  Silesia,  and 
both  in  the  Transvaal  and  Upper  Hungary  it  is  no  longer  used.  For  fine  slimes 
a  stationary  table  of  large  area  will  not  concentrate  sufficient  ore,  as  much  water 
is  required,  which  washes  away  the  slimes.  The  Bartsch  table  appears  specially 
adapted  for  concentrating  fine  gold  slimes  in  South  Africa,  and  arrangements  have 
already  been  made  to  introduce  it  into  that  country.  B.  D. 
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OBEREGGER  COAL-SCREEX. 

Der  Klassir-Apparat  von  A.  Oberegger.     By  V.  Waltl.     Oesterreichischi  Zeit- 
schrft  fur  Berg-  und  Hiittenwesen,  1S93,  vol.  xliv.,  page  628,  and  illustrations. 

In  most  of  the  screens  used  for  sorting  coal  and  other  mineral  the  sieves  are 
arranged  one  above  the  other,  and  enclosed  in  a  box.  Thus  they  are  not  easily- 
accessible  and  cannot  be  seen.  By  placing  them  in  stages,  and  interposing 
troughs  to  receive  the  coal  as  it  falls,  the  height  and  weight  of  the  screens  are 
increased,  and  the  coal  after  screening  is  discharged  with  difficulty.  The  arrange- 
ment is  costly,  requires  a  strong  foundation  and  large  ground  space,  there  is 
frequently  much  vibration,  the  foundation-bolts  are  exposed  to  the  dust,  and  the 
mechanism  difficult  to  lubricate.  In  most  screens  also  the  driving-pulleys  are 
close  to  the  ground,  and  it  is  impossible  to  pass  between  them,  while  with 
reciprocating-screens  the  frame  and  base  are  noisy,  and  rapidly  worn  out  by  the 
repeated  blows. 

The  author  describes  a  new  screening  apparatus  designed  by  Mr.  A.  Oberegger, 
which  can  be  adapted  to  various  sizes  of  coal,  and  avoids  the  defects  of  other 
screens.  The  sieves  are  grouped  in  tiers  round  a  square  or  polygonal  box,  through 
the  centre  of  which  passes  a  vertical  shaft,  driven  by  worm-gear  from  above.  The 
sieves  overlap,  but  each  is  independent  of  the  other.  The  apparatus  is  suspended 
by  four  chains  working  in  sockets  to  a  beam  overhead,  or  to  the  framework  of  the 
building.  An  eccentric  or  a  crank-shaft  imparts  a  horizontal  and  partly  circular 
movement,  no  guides  being  required.  The  horizontal  eccentric  working  from  the 
motor-shaft  makes  the  sieves  wobble  to  and  fro.  The  centrifugal  force,  which 
has  alone  to  be  considered,  the  distances  of  the  sieves  from  the  shaft  being 
symmetrical,  is  counteracted  by  a  compensating- weight  above  the  eccentric.  The 
machinery  is  covered  in  to  protect  it  from  dust. 

The  author  describes  an  apparatus  with  four  sieves,  for  five  classes  of  mineral, 
showing  the  central  box,  eccentric,  balance-weight,  and  gearing.  The  sieves  are 
arranged  at  different  levels  round  the  central  shaft,  with  the  corresponding 
delivery-  and  receiving-troughs,  which  can  be  easily  removed  and  emptied.  Where 
the  motion  is  imparted  by  a  vertical  crank-shaft,  it  has  a  bearing  above  and  a 
toe-step  below.  The  mineral  to  be  screened  passes  to  the  first  sieve,  falls  through 
into  a  trough,  and  is  conveyed  to  the  second  screen,  and  so  on  to  all  iu  succession, 
each  screen  having  smaller  meshes  than  the  last.  The  motion  given  is  smooth 
and  swinging,  the  vertical  shaft  makes  140  to  160  revolutions  per  minute,  and  the 
stroke  of  the  sieves  is  about  4  inches.  If  thoroughly7  screened,  about  eight  waggon- 
loads  of  coal  are  delivered  by  the  machine  per  hour,  but  this  depends  on  the  size  of 
the  screen,  and  number  and  size  of  the  holes.  The  weight  of  the  whole  apparatus 
is  about  1  ton :  the  number,  angle,  and  arrangement  of  the  sieves  varying 
according  to  the  size  of  the  coal  to  be  screened.  The  advantages  of  the  apparatus 
are  its  small  height  and  weight ;  easy  access  to  the  sieves,  the  single  shaft  being 
driven  from  above  ;  facility  for  withdrawing  the  coal  after  screening  ;  less  cost  of 
plant  and  maintenance  than  in  other  screens  delivering  the  same  quantity ; 
smooth  working,  and  small  motive  power  required. 

In  another  type,  the  apparatus  is  circular,  and  the  sieves  are  arranged  spirally 
in  screw-form,  set  round  the  vertical  shaft.  The  latter  is  driven  from  above,  and 
the  frame  is  suspended  in  the  same  way,  as  already  described.  Each  sieve  is  longer 
than  the  one  above,  hi  other  words  the  finer  the  coal  to  be  screened,  the  longer  the 
sieves,  the  length  varying  from  7^  feet  in  the  first  sieve,  to  15^  feet  in  the 
fourth.  In  the  spiral  screens  there  are  no  intermediate  troughs,  the  material  falling 
from  one  sieve  to  the  next,  and  each  sieve  is  utilized  from  end  to  end.     The  outer 
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circumference  of  the  sieves  rests  upon  an  iron  spiral,  winding  round  the  central 
shaft,  while  the  inner  circumference  starts  from  the  central  cylinder.  The  spiral, 
which  may  he  placed  at  any  angle,  is  carried  on  iron  supports,  and  suspended  like 
the  screen.  Sometimes  a  preliminary  sifter  is  added,  to  prevent  the  dust  from 
passing  through  the  sieves.  The  screening  may  also  he  reversed,  and  the  smallest 
coal  first  withdrawn,  the  largest  last,  a  simple  arrangement  which  diminishes  the 
height  and  weight  of  the  apparatus.  In  the  spiral  screen,  the  ground-space  varies 
from  32  to  60  square  feet,  and  the  total  area  of  the  sieves  varies  from  64  to  130 
square  feet.  Thus  1  square  foot  of  sieve-surface,  only  requires  about  ^  square  foot 
of  ground-space.  The  efficiency  depends  on  the  size,  number,  and  area  of  the 
holes.     The  weight  is  about  1  ton,  including  the  sieves. 

In  the  coal-dressing  plant  at  Fohnsdorf,  two  Oberegger  screens  have  replaced  a 
Klcinne  screen,  and  fill  about  six  and  a  half  waggons  of  dry  coal  per  hour,  but  a 
much  larger  quantity  could  be  turned  out  if  the  mine  sent  on  more  coal  to  the 
screens,  which  is  not  at  present  possible.  The  screens  are  not  fixed  below,  but 
hang  suspended  from  the  roof  by  wire-ropes  or  chains,  without  the  least  vibration. 
The  four  sieves  have  square  holes,  measuring  respectively  lj,  §,  ^,  and  %  inch.  If 
the  coal  be  damp,  the  holes  should  be  smaller  and  occasionally  cleaned,  and  water 
assists  the  screening.  The  special  advantages  of  the  spiral  screen  are  the  large 
ratio  of  the  area  of  the  screens  to  the  grouud-space. 

A  third  type  may  be  used,  with  one  sieve  for  sorting  large  coal,  with  two  for 
double  sorting,  or  with  several  sieves.  A  horizontal  rotating,  partly  reciprocating, 
motion  is  imparted  to  the  screen  in  front,  where  the  coal  is  introduced,  by  a 
vertical  shaft  with  cranks  and  balance-weights.  The  front  is  supported,  and  the 
further  end  is  suspended  from  the  roof,  this  arrangement  giving  a  circular  motion 
to  begin  with,  and  a  to-and-fro  action  afterwards.  The  path  described  by  the  coal 
is  one  third  larger  at  the  beginning  than  at  the  end  of  the  screen.  For  large  coal, 
the  screen  is  made  like  a  grate,  of  U-shaped  iron  bars,  and  for  medium  sized  coal 
steel  bars  are  used.  The  sieves  balance  each  other,  their  length  increases  and  the 
angle  varies  according  to  the  fineness  of  the  coal.  There  are  no  guides.  Screens 
of  this  type,  with  one,  two,  and  three  horizontal  screens,  have  been  erected,  worked 
at  one  end  by  a  crank  making  120  to  170  revolutions  per  minute,  according  to  the 
size  of  the  apparatus  and  of  the  coal.  The  advantages  of  this  arrangement  are  that 
all  the  parts  are  balanced ;  the  coal  from  each  sieve  can  be  discharged  in  front  or 
at  the  sides,  as  desired ;  and  the  motive  power  required  is  small.  A  double 
Oberegger  screen,  with  a  4  inches  hole  upper  sieve,  and  a  2  inches  hole  lower  sieve, 
is  working  at  Seegraben,  in  Bohemia,  and  two  single  screens  have  replaced  a 
Briart  screen  at  Fohnsdorf.  B.  D. 


EXPERIMENTS  WITH  FRUE  VANNERS. 

Versuche,  ausgefukrt  mit  dem  Fraser  und  Chalmer'schen  Frue  Vanning-ore  Concen- 
trator zur  Aujbereitung  der  Pochgdnge.  By  S.  Rakoczy.  Oesterreichische 
Zettxchrift  filr  Berg-  und  Hi'dtenivesen,  1896,  vol.  xliv.,  pages  321,  335,  387, 
414,  433,  and  443. 

In  the  Transylvania  and  Upper  Hungary  districts,  a  number  of  frue  vanners 
have  been  erected  during  the  past  decade  for  concentrating  milled  pulp,  but  in 
many  places  they  did  not  fulfil  the  expectations  formed  with  regard  to  their 
efficiency  and  were  consequently  discarded. 

In  order  to  ascertain  the  causes  of  the  unsatisfactory  behaviour  of  these  con- 
centrators in  certain  cases,  and  to  determine  the  means  of  increasing  their  useful- 
ness, the  author  was  entrusted  by  the  Royal  Hungarian  Mining  Board  with  the 
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performance  of  a  series  of  experiments  with  a  machine  supplied  by  Messrs.  Fraser 
and  Chalmers,  side  by  side  with  parallel  tests  made  with  the  ordinary  percussion- 
tables  used  in  the  district. 

From  the  results  of  the  experiments,  which  are  given  in  detail  in  the  original 
paper,  the  author  concludes  that  the  cause  of  unsatisfactory  working  of  the  frue 
vanner  may  be  traced  to  the  practice  of  feeding  the  crushed  ore  to  the  machine 
without  previous  sizing,  a  method  for  which  the  apparatus  is  not  adapted,  and 
which,  therefore,  gives  poor  results.  Furthermore,  that  even  with  sized  pulp,  the 
concentration  cannot  be  satisfactorily  effected  by  means  of  the  frue  vanner  when 
the  materials  are  of  equal  or  approximately  equal  density,  viz. ,  in  the  case  of  iron 
and  copper  pyrites,  zinc  blende,  lead  glance,  silver  ore ;  and  the  slime  and  meal  so 
prepared  are  unsuitable  for  recovery  in  the  furnace,  since  the  vanner  does  not 
actually  concentrate  but  only  separates  the  denser  materials  from  those  specifically 
lighter.  On  the  other  hand,  when  the  barren  materials  are  much  less  dense  than 
the  minerals,  the  vanner  separates  them  in  a  very  efficient  manner,  leaving  no 
pyrites  in  the  tailings.  Only  in  the  case  of  lead-ores  is  it  insufficient  by  itself  to 
concentrate  properly,  an  additional  passage  of  the  material  over  percussion-tables 
beincf  hi  that  case  necessary  to  secure  the  best  results  by  concentrating  the 
separated  plumbiferous  slime. 

As  regards  comparative  capacity,  the  frue  vanner  in  the  experiments  with 
coarse-grained  pulp  from  a  No.  1  spitzlutte  (triangular  double  troughs)  treated  7f 
to  8  tons  in  twenty-four  hours,  whereas  the  percussion-tables  could  only  con- 
centrate 2f  to  3  tons  in  the  same  time,  or  little  more  than  one-third  as  much  as 
the  vanner.  The  latter  was  also  found  to  act  well  on  pyritic  silver  ores  (poor  in 
lead)  and  on  free-gold  ores  from  the  Transylvania,  and  (a  specially  important 
consideration  for  that  region)  for  enriching  the  pyrites  for  the  manufacture  of 
sulphuric  acid  and  artificial  manure. 

The  subjoined  table  shows  the  ratio  of  efficiency  between  the  two  systems  in 
several  of  the  experiments  made  : — 


Pulp  delivered  from 

Quantity  treated  per 

Spitzlutten. 

Twenty-four  Hours. 

Origin  and  Nature 

Excess  in  favour  of 
the  Frue  Vanner. 

of  Ore. 

2. 

Frue 

Percussion 

1. 

lj. 

Vanner. 

Table. 

Tons. 

Tons. 

Tons. 

Per  Cent. 

Franz  Joseph   shaft, 

clayey       

No.  I. 

— 

— 

3-456 

2-880 

0-576 

20-0 

Pacherstolln,       free 

from  clay ... 

No.  I. 

— 

— 

5-600 

2-520 

3-080 

122-2 

Do.             do. 

— 

No.  I. 

— 

7-750 

3-200 

4-550 

142-2 

Franz   Joseph   shaft, 

clayey       

No.  I. 

— 

— 

3-370 

2-664 

0-706 

26-5 

Do.            do. 

— 

— 

No.  II. 

2-855 

1-105 

1-750 

158-4 

Do.            do. 

— 

— 

No.  III. 

1-600 

1-030 

0-570 

55-3 

The  result  of  this  extra  capacity  of  the  frue  vanner  is,  that  if  these  machines 
were  employed  in  place  of  percussion-tables,  a  smaller  number  would  suffice  to 
treat  the  same  amount  of  ore,  thus  reducing  the  size  of  the  concentrating-house, 
and  facilitating  supervision.  It  is  calculated  that  the  work  of  No.  I.  shed  of 
the  Franz  Joseph  shaft  at  Szent-Antal  (where  the  tests  were  performed),  now 
requiring  twenty  percussion-tables  and  two  circular  separators  for  the  treatment 
of  8,000  tons  of  ore  per  annum,  could  be  done  by  eight  frue  vanners. 
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Another  advantage  offered  by  the  frue  vanner  is,  that  it  delivers,  at  one  washing, 
slime  containing  over  70  per  cent,  of  matte,  the  cost  of  roasting  thereby  com- 
paring favourably  with  that  incurred  in  treating  the  material  from  the  percussion- 
tables.  C.  S. 


FKANCOU  METHOD  OF  COAL- WASHING. 

Note  sur   un  nouveau  Lavoir  A  Charbon  {sysUme   Francou).     Axox.     1!<  mie 
Universelle  des  Mines,  etc.,  1895,  vol.  xxxi.,  page  166,  and  drawings. 

If  it  be  easy  to  determine  beforehand  the  laws  which  govern  the  fall  of  bodies 
in  water,  these  laws  can  only  be  applied  to  bodies  of  regular  geometrical  form, 
suspended  in  a  liquid,  and  moving  freely,  without  being  influenced  by  their  sur- 
roundings. Such  would  be  the  case  with  pieces  of  coal,  of  spherical  form,  freely 
suspended  in  water ;  but  it  is  by  no  means  the  case  with  the  coal  subjected  to  wash- 
ing, in  pieces  of  all  shapes  and  sizes,  not  isolated  from  one  another.  Hence  arises 
the  difficulty  of  specifying  beforehand  the  manner  in  which  the  pieces  of  coal  and 
shale  behave  in  a  washing  apparatus.  It  seemed  that  the  washing  of  small  coal 
was  well  performed  by  strokes  of  slight  amplitude ;  and,  in  all  felspar  washers 
especially,  these  short  piston  strokes,  succeeding  each  other  rapidly,  constitute 
veritable  vibrations. 

In  the  Francou  washer,  however,  with  free-fall  of  the  piston,  the  pulsations  are 
of  considerable  amplitude  even  for  washing  dust,  experience  having  proved  that 
the  separation  of  shale  from  coal  is  better  effected  under  these  conditions.  On  the 
wash-table  is  formed  a  layer  of  the  largest  pieces  of  shale  contained  in  the  coal  to 
be  washed ;  and  across  this  layer  pass  the  finest  particles  of  shale,  which,  traversing 
the  perforated  table,  fall  into  a  receptacle  at  the  bottom  of  the  washer,  whence 
they  are  withdrawn  by  a  continuous  stream  of  water,  the  layer  of  large  pieces  of 
shale  acting  like  the  felspar  in  vibration-washers. 

The  pulsations  are  not  less  than  2^  inches  for  dust  up  to  £  inch,  while- it  may 
attain  4  inches  for  small  nuts  ;  and  this  great  impulsion  of  water  might  appear,  at 
the  first  glance,  likely  to  derange  the  work  of  separation.  It  is,  however, 
sustained  instead  of  being  spasmodic ;  and,  as  it  is  self -regulating  according  to 
the  state  of  the  wash-bed,  it  causes  no  disturbance  in  the  work,  the  mass  of 
tenuous  matter  held  in  suspension  by  the  prolonged  but  moderate  ascending 
current  having  every  facility  for  being  separated.  As  the  wash-bed  is  thicker 
than  usual,  the  two  extremes,  pure  coal  and  pure  shale,  are  kept  farther  apart,  and 
are  more  easily  separated. 

This  thickness  in  the  layer  to  be  washed  is  also  advantageous  as  regards  the 
cleanness  of  the  coal,  because,  as  the  upward  travel  of  the  coal  is  greater,  the  heaviest 
pieces  have  considerable  difficulty  in  reaching  the  shoot  for  washed  coals,  so  that 
they  are  not  so  liable  to  pass  over  with  the  latter. 

Steam  pistonnage,  with  free-fall  of  the  piston,  differs  from  mechanical  pistonnage, 
in  that  the  latter,  controlled  by  rigid  parts  with  pre-determined  speeds  and  strokes, 
always  gives  the  same  pulsation  during  the  same  space  of  time,  and  with  the  same 
speed,  whatever  be  the  conditions  of  the  wash-bed,  while,  with  free-fall  pistonnage, 
the  independent  piston-stroke  is  regulated  automatically  according  to  the  resist- 
ance of  the  wash-bed,  whether  the  variations  of  resistance  be  caused  by  difference 
of  size,  various  proportions  of  dust,  or  accidental  conglomeration  of  the  mass. 

If,  in  a  washer  with  a  mechanically-driven  piston,  the  wash-bed  should  become 
denser  through  any  cause,  the  piston,  with  its  determined  stroke,  will  force  a 
given  volume  of  water  through  the  wash-table,  completely  upsetting  the  action  of 
the  apparatus,  as  would  especially  be  the  case  if  a  portion  of  the  table  be  obstructed 
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temporarily,  which  may  happen  in  any  washer.  If  a  given  volume  of  water  has  to 
in  a  given  time  across  a  determined  sectional  area,  and  if  this  area  be  accident- 
all  v  reduced— by  20  per  cent.,  for  instance — the  volume  of  water  passing,  during 
the  unit  of  time,  through  a  free  space  only  0S0  of  the  original  space  will  move  at 
a  speed  greater  by  20  per  cent.,  which  is  sufficient  to  completely  disturb  the  work- 
in^  of  the  best-regulated  apparatus. 

With  steam-pistonnage,  however,  this  difficulty  does  not  occur.  During  the 
descent  of  the  piston  the  speed  of  fall  is  determined  by  the  weight  and  by  the 
resistance  of  the  wash-bed.  Now  the  pressure  per  unit  of  surface,  produced  by  the 
weight  of  the  piston  and  by  the  column  of  water,  is  always  the  same,  the  whole 
difference  consisting  in  the  fact  that,  on  the  sectional  area  of  the  passage  diminish- 
ing, the  volume  of  water  will  pass  less  quickly,  the  piston  will  fall  more  slowly, 
and  there  will  be  less  work  done  ;  but  the  action  of  the  apparatus  will  not  be 
deranged. 

The  remarkable  resiilts  obtained  with  the  Francou  washer  are  attributed  to 
the  great  facility  for  automatic  regulation,  coal-dust,  in  the  state  of  mud,  which 
had  been  exposed  all  the  winter  to  rain  and  frost,  having  been  washed  as  easily  as 
fresh  dust,  and  the  same  apparatus  having  washed,  without  any  change,  alter- 
nately coal-dust  and  small  nuts,  or  the  two  extremes  of  coal-sizes  that  are  sub- 
jected to  the  operation  of  washing.  J-  W.  P. 

SPECTRUM  ANALYSIS  OF  MINERALS. 

Analyse  spectrah  directe  des  Mineraux.     By  Victor  Desha  yes.     Le  Genie  Civil, 
1896,  vol.  xxix.,  page  153. 

A  new  method  of  direct  spectrum  analysis  has  been  applied  by  Mr.  Arnaud  de 
Grammont  to  minerals,  just  as  they  occur  in  nature  and  without  any  previous  pre- 
paration. Starting  from  the  fact  that  certain  well-known  minerals,  such  as  galena 
and  pyrites,  are  sufficiently  good  conductors  of  electricity  to  give  a  spark  between 
two  fragments,  he  found  that  most  minerals  containing  the  heavy  metals,  and  es- 
pecially those  with  metallic  lustre,  such  as  the  sulphates,  the  arseniates,  and  the  sul- 
phoantimoniates,  possess  the  same  property.  He  then  set  about  ascertaining  whether 
a  spectroscopic  examination  of  the  spark  passing  between  two  fragments  of  such 
a  mineral  furnishes  a  direct  and  rapid  method  of  analysis,  qualitative  if  not 
quantitative,  of  the  elements  entering  into  the  composition  of  solid  compounds, 
and  that  without  any  previous  preparation.  These  investigations,  which  are  still 
being  continued,  have  already  given  some  interesting  results,  both  with  natural 
minerals  and  artificial  products,  such  as  the  industrial  alloys  ;  but  earthy  ores  do 
not  lend  themselves  to  spectroscopic  examination,  as  the  mineral  must  be  a 
thoroughly  good  conductor  of  electricity  or  at  any  rate  volatilizable,  in  which  latter 
case  the  spectra  of  lines  containing  the  rays  of  the  elements  are  also  obtained. 

The  simple  method  employed  consists  in  passing  the  electric  spark  between  two 
similar  fragments,  not  larger  than  those  used  in  blow-pipe  tests,  of  the  mineral  to 
be  examined.  The  fragments  are  held  between  two  clamps  with  platinum  ends, 
connected  with  the  poles  of  an  induction-coil  actuated  by  a  bichromate  of 
potassium  battery  ;  but,  instead  of  using  the  spark  directly  from  the  coil,  that  of  a 
condenser,  formed  of  several  Leyden  jars,  is  employed,  as  it  gives  more  complete 
spectra,  while  possessing  several  other  advantages.  Mr.  de  Grammont's  method 
is  simple,  rapid,  and  precise,  so  far  as  qualitative  analysis  is  concerned  ;  and  in 
some  cases  it  permits  of  classing  the  constituent  elements  in  the  order  of  their 
importance.  J-  ^  •  P- 


TRANSACTIONS   AND   PERIODICALS.  139 

OREDEPOSITS  OF  SAN  LUIS,  ARGENTINE  REPUBLIC. 

Ueber  e'mige  Lagerstatten  der  Argentinischen  Provinz  San  Luis.  By  Dr.  J. 
Valentin.  Berg-  unci  Huettenmcennische  Zeitung,  1896,  vol.  lv.,  pages  185 
and  217,  and  illustrations. 

The  ore-deposits  in  the  chief  hill-range  of  the  province  of  San  Luis  are  separable 
into  two  groups,  the  one  genetically  related  to  the  Tertiary  eruptive  rock,  and  the 
other  to  the  older  crystalline  formation,  consisting  principally  of  gneiss  inter- 
spersed with  clay,  chlorite  and  mica-schists,  etc.  The  ores  of  the  former  class  are 
exclusively  venous  gold-ores,  and  occur  near  the  andesite  summits  of  Tomalasta, 
Porongo,  Cerro-del-Valle,  and  Cerros  Largos.  In  the  best-known  mines  of  the 
Carolina  district  (with  the  exception  of  the  Mercedes  mine)  the  ore  occurs  in  veins 
conformable  with  the  adjacent  strata.  The  Mercedes  mines  and  others  of  smaller 
importance,  north  of  Canada  Honda,  consist  of  veins  crossing  the  strata  in  an 
cast  and  west  direction. 

In  the  Carolina  group,  the  ore  lies  between  layers  of  gneiss  and  andesite, 
extending  in  a  north  and  south  direction  for 'some  3,000  to  7,000  feet,  with  an 
easterly  dip  of  50  to  80  degrees,  and  consists  of  a  main  leader  with  several  parallel 
veins  in  the  underlay,  the  total  width  being  400  to  500  feet.  An  examination 
made  by  the  author  in  the  main  gallery  of  the  Carolina  mine,  which  cuts  the  ore- 
zone  perpendicularly,  showed  that  at  this  point  the  chief  vein  was  20  inches  thick, 
and  consisted  of  a  thin  layer  of  andesitic  tuff  and  a  thicker  clayey  mass  containing 
lumps  of  quartz.  There  were  also  noticed  two  quartz-veins  of  north-and-south 
strike  and  easterly  dip,  and,  at  a  distance  of  15  to  20  feet,  the  so-called  western 
reef  composed  of  a  layer  of  shale  and  an  upper  stratum  (16  feet  thick)  of  tuff. 
There  is  very  little  doubt  of  the  venous  character  of  these  deposits,  the  ore  being 
younger  than  the  adjacent  rock  and  of  about  the  same  age  as  the  andesitic  eruptive 
rock.  It  probably  results  from  fissures  formed  in  the  direction  of  the  dip  and 
strike  of  the  strata,  whereas  the  other  similar  ore-deposits  of  the  province  cut 
through  the  strata  :  the  enlargement  of  the  fissures  was  probably  very  gradual, 
as  is  indicated  by  the  zonal  arrangement  of  the  deposits. 

Amongst  the  minerals  found  in  the  Mercedes  mine  are  arsenical  pyrites  and 
galena.  At  Cerros  Largos,  the  deposits  consist  of  six  parallel  veins  of  quartz 
running  north  and  south,  their  maximum  length  being  about  6,500  feet,  and  the 
thickness  ranging  from  4  to  10  feet.  The  percentage  of  gold  is  low,  the  average 
quantity  not  exceeding  154  grains  per  ton. 

The  gold  foimd  at  Canada  Honda  occurs  in  a  comparatively  limited  area  in  the 
valley  of  that  name,  and  is  formed  of  the  detritus  of  the  gold-bearing  quartz  from 
the  vicinitjT  of  the  andesite  formation,  the  noble  metal  having  been  washed  down 
as  far  as  Villa  Mercedes,  leaving  the  chief  deposits  of  the  denuded  material  near 
the  original  site.  The  workable  deposit  has  a  maximum  length  of  2,200  feet  by 
300  feet  in  width,  and  is  covered  to  a  depth  of  about  30  feet  by  a  barren  layer  of 
black  earth,  followed  by  a  yellow  sandy  loam.  The  gold-bearing  deposit  [Llampos) 
contains  gneiss,  crystalline  shale,  quartzite,  and  andesite,  along  with  yellow  in- 
terstitialloam,  and  has  a  depth  of  about  5  feet.  A  number  of  depressions,  wherein 
gold  has  collected,  are  met  with  on  the  surface  of  the  bed-rock,  and  the  latter 
frequently  contains  gold  to  a  depth  of  about  1  foot,  probably  as  a  result  of 
mechanical  agency  rather  than  segregation.  The  water-supply  for  sluicing  is  very 
irregular,  there  being  a  scarcity  in  the  winter  and  frequently  a  superabundance  in 
the  summer  season.  In  winter,  the  chief  work  is  that  of  washing  the  deposit 
exposed  by  the  summer  sluicings,  and  this  is  effected  by  three  sluices  30  feet  long, 
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12  inches  wide,  and  8  inches  deep,  divided  into  two  parts,  the  lower  portion  con- 
taining the  "riffles."  Four  men  and  a  boy  are  required  for  working  each  sluice, 
and  the  average  daily  win  of  gold  is  J  to  f  oz.  per  sluice. 

By  far  the  greatest  number  and  variety  of  ore-deposits  occur  in  the  gneiss, 
crystalline  schists,  and  granite  at  the  western  foot  of  the  Sierra  de  San  Francisco 
(Ayaeueho),  and  in  the  department  of  San  Martin,  but  they  have  been  little 
investigated,  and  very  few  particulars  of  previous  workings  are  obtainable.  The 
most  important  deposits  of  gold-ore  are  found  in  the  Pilon  district,  to  the  west  of 
San  Francisco,  as  quartz- veins  (strike  30  degrees  to  north-west  and  dip  south),  in 
grey  gneiss.  Sometimes  at  the  junction  of  these  veins  with  the  numerous 
pegmatitic  veins  the  ore  is  richer  than  elsewhere,  a  circumstance  considered  by 
Prof.  Lallemant  to  be  due  to  the  association  of  a  thin  vein  of  gold-ore  with  the 
pegmatitic  in  some  places.  Besides  pure  gold,  there  also  occur  iron  and  copper 
pyrites,  red  iron  ore,  limonite,  copper  silicate,  malachite,  etc. 

The  Rincon  ore-deposits  lie  near  to  those  of  Pilon,  but  the  veins  do  not  appear 
to  stand  in  the  same  relation  to  the  pegmatite  as  those  in  the  latter  district. 
Copper-ore  predominates,  and  bornite,  copper  pyrites,  red  copper-oi'e,  malachite, 
spathic  and  red  iron-ore,  limonite.  and  gold  are  also  found. 

In  the  Alto  Grande  district  (San  Martin)  is  the  Angelita  mine,  containing 
quartz-veins,  in  gneiss  and  pegmatite,  wherein  gold  and  copper  ore  are  found. 
The  richness  varies  with  the  depth,  50  per  cent,  of  copper  and  231  gi'ains  of  gold 
per  ton  having  been  found  near  the  surface,  whereas  at  a  depth  of  about  150  feet 
the  ore  contained  red  ironstone,  with  5\  per  cent,  of  copper,  and  only  123  grains 
of  gold  per  ton. 

Silver  lead-ore  is  found  in  the  gneiss  at  the  Fortuna  mine  (San  Martin),  the 
strike  being  15  degrees  north-west  (magnetic),  and  the  dip  nearly  or  quite 
perpendicular,  the  veins  having  a  width  of  up  to  20  inches,  and  chiefly  consisting 
of  poor  silver  lead-ore  ;  copper  compounds  and  vanadium  ore  also  occur  in 
quantities  too  small  to  work.  Similar  deposits  are  encountered  at  La  Sala,  near 
the  town  of  San  Martin,  one  sample  of  galena  containing  0'9  per  cent,  of  silver, 
but  the  Fortuna  mine  is  the  only  one  possessed  of  a  history,  and  even  that  has 
been  abandoned,  probably  on  account  of  the  expense  of  carting  the  silver-lead  to 
the  station  at  Villa  Mercedes,  a  distance  of  about  100  miles.  C.  S. 
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II.— BAROMETER,  THERMOMETER,  Etc.,  READINGS  FOR 
THE  YEAR  1895. 


By   M.   WALTON    BROWN. 


The  barometer,  theniiometer,  etc.,  readings  have  been  supplied  by 
permission  of  the  authorities  of  Glasgow  and  Kew  Observatories,  and  give 
some  idea  of  the  variations  of  atmospheric  temperature  and  pressure  in  the 
intervening  districts  in  which  mining  operations  are  chiefly  carried  on  in 
this  country. 

The  barometer  at  Kew  is  34  feet,  and  at  Glasgow  is  180  feet,  above 
sea-level.  The  barometer  readings  at  Glasgow  have  been  reduced  to  32 
feet  above  sea -level,  by  the  addition  of  0*150  inch  to  each  reading,  and  the 
barometrical  readings  at  both  observatories  are  reduced  to '32  degs.  Fahr. 

The  statistics  of  fatal  explosions  in  collieries  are  obtained  from  the 
annual  reports  of  H.M.  Inspectors  of  Mines,  and  are  also  printed  upon 
the  diagrams  (Plates  XXXII.  and  XXXIII.)  recording  the  meteorological 
observations. 


Table  I. — Summary  of  Explosions  of  Fire-damp  or  Coal-dust  during 

1895,   IN   THE   SEVERAL   INSPECTION   DISTRICTS. 


Durham    ... 

Fatal  Accidents. 

Non-fatal  Accidents. 

No. 

Deaths. 

Injured. 

No.           Injured. 

0 

0 

0 

4               6 

Liverpool ... 

1 

1 

1 

3               8 

Manchester 

1 

5 

0 

2               3 

Midland    ... 

1 

7 

0 

3                5 

Newcastle-upon-Tyne    .. 

1 

1 

0 

5               7 

Scotland,  East     

2 

2 

0 

29              43 

Do.      West 

2 

14 

0 

47             66 

South  Wales 

7 

10 

6 

29              37 

South- Western     ... 

2 

9 

0 

2                2 

Staffordshire.  North 

0 

0 

0 

4                7 

Do.            South 

2 

4 

3 

10             13 

Yorkshire  ... 

Totals       

1 

o 

o 

6                9 

20 

i 

55 

10 

144       :     206 
1 
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Table  II.— List  op  Fatal  Explosions  of  Fire-damp  or  Coal-dust  in 
Collieries  during  1895. 


No.  of 

1895. 

Colliery. 

District. 

Deaths. 

Persona 
Injured. 

Feb. 

6, 

8-45  p.m. 

Timsburv      

South-Western 

7 

0 

9, 

10-0    a.m. 

Morlais  Vale 

South  Wales 

2 

1 

13. 

630     „ 

Glvnea 

Do 

1 

0 

25, 

1-0       „ 

Bwllfa  Dare 

Do 

1 

1 

Mar. 

15, 

9-0    p.m. 

Malago         

South-Western 

2 

0 

April 

6, 

6-30  a.m. 

Seafield        

Scotland,  East 

1 

0 

22, 

5-30  p.m. 

Heddon 

Newcastle-upon-Tvne 

1 

0 

26. 

1-0       ., 

Quarter  (No.  1) 

Scotland,  West 

13 

0 

May 

6. 

1-5      ., 

Llantwit  Red  Ash  ... 

South  Wales 

1 

1 

June 

18, 

3-30     „ 

Bullfield       

Staffordshire,South. . . 

2 

3 

July 

10. 

12-30  a.m. 

Crawshays  Castle    ... 

South  Wales 

3 

0 

16, 

10-30  p.m. 

Abercrave     ... 

Do. 

1 

3 

Aug. 

1, 

50    a.m. 

Aberdare  Merthyr  ... 

Do. 

1 

0 

1, 

3-30  p.m. 

Aldridge 

Staffordshire,  South 

2 

0 

14, 

6-15  a.m. 

Pentland 

Scotland,  East 

1 

0 

Sept. 

14. 

3-30     „ 

Lea  Green    ... 

Liverpool 

1 

1 

Oct. 

1, 

11-30     „ 

Shakerley     ... 

Manchester  .. 

5 

0 

Nov. 

5, 

100    p.m. 

Tannochside  (No.  2) 

Scotland,  West 

1 

0 

11, 

4*0    a.m. 

Blackwell  A 

Midland 

7 

0 

21, 

8-30     „ 

Newmarket 

Yorkshire      

Totals 

2 

0 

55 

10 

Table  III.— List  of  Non-fatal  Explosions  of  Fire-damp  or  Coal-dust  in 
Collieries  during  1895. 


1 

No.  of 

1895. 

Colliery. 

Inspection  District. 

Persona 
Injured. 

1 

Jan.       1,    3-15  a.m.... 

Pentland         

Scotland,  East 

10,     70      „    ... 

Seafield            

Do. 

1 

10,  10-0      „    ... 

North  Skelton 

Durham 

1 

„       12,    7-0      „    ... 

Dalmeny         

Scotland,  East 

2 

16,        

Aberpergwm  ... 

South  Wales   ... 

1 

23,        

Penygraig        

Do 

1 

23,         

Grange  Lane  ... 

Yorkshire 

2 

26,     7-0    a.m.... 

Caprington  (No.  40)... 

Scotland,  West 

2 

29,         

Cymmer  Glyncorrwg 

South  Wales 

1 

31,  11-45  a.m.... 

Newton  (No.  1) 

Scotland,  West 

1 

„        31,     8-30  p.m.... 

Orbiston  (No.  1) 

Do. 

1 

„        31 

Llantwit  Red  Ash 

South  Wales 

2 

Feb.       5,         

Fochriw 

Do 

2 

5,     8-0    a.m.... 

Monkland  (No.  11)    ... 

Scotland,  West 

2 

„          5,     3-0    p.m.... 

Neilston  (No.  3) 

Do. 

1 

,,         6,     8'0    a.m.... 

Pumpherston 

Scotland,  East 

2 

7,     6-5      „    ... 

Eccleston  Hall 

Liverpool 

1 

„        11,     5-0      „    ... 

Victoria  (No.  1) 

Scotland,  West 

1 

„        14,     1-0      „    ... 

New  Duffryn  ... 

South-Western 

1 

„        15,  11-0    p.m.... 

Pentland          

Scotland,  East 

1 

„       18,         

Mynydd  Newydd 

South  Wales   ... 

1 

18,     6-30  a.m.... 

Coneygre 

Staffordshire,  South  ... 

1 

.     „        18,     6-50    „    ... 

Taylor  Green  ... 

.Manchester 

1 

„        20,         

Aberdare  Merthyr 

South  Wales 

1 

20,     4-0    p.m.... 

Rawyards        

Scotland,  East 

2 

22,         

Cymmer  Glyncorrwg... 

South  Wales 

1 

BAROMETER,  THERMOMETER,   ETC.,  READINGS,  1895. 
Table  III. — Continued. 


143 


No.  of 

1895. 

Colliery. 

Inspection  Bistrict. 

Persons 

Injured. 

Feb. 

23, 

Cymmer  Glyncorrwg... 

South  Wales 

1 

?? 

24, 

7-30  a.m.... 

Taylor  Green 

Manchester 

2 

J3 

27, 

7-20    „    ... 

Fishley 

Staffordshire,  South  ... 

28, 

7-30    „    ... 

Dewshill 

Scotland,  East 

Mar. 

4, 

10-20    .,    ... 

Springbank     

Do. 

)> 

5. 

s-3o  ,;  ... 

Cornsilloch 

Do. 

6.' 

8-30    ,.    ... 

Pennyvenie  (No.  1)    ... 

Scotland.  West 

>! 

8, 

1-0    p.m.... 

Caprington  (No.  40)  ... 

Do. 

it 

15, 

Llantwit  Red  Ash 

South  Wales 

)) 

19, 

80    a.m.... 

Dalziel  (No.  2) 

Scotland.  West 

•; 

24, 

11-0    p.m.... 

Farme  (No.  3) 

Do.  ' 

25, 

Hazlehead 

Yorkshire 

;? 

26, 

Tannochside  (No.  2)  ... 

Scotland,  West 

.. 

28, 

Victoria  (No.  1) 

Do. 

April 

», 

1-30  p.m.... 

Point  of  Ayr    ... 

Liverpool 

;> 

8, 

11-0    a.m.... 

Foxfield     "      

Staffordshire,  North  ... 

!) 

8. 

7-40  p.m.... 

Sherdley 

Liverpool 

)) 

9. 

Capringstone  (No.  7) 

Scotland,  West 

„ 

12, 

3-20  p.m.... 

Rankinston  (No.  2)  ... 

Do. 

is 

18, 

Throckley        

Newcastle-upon-Tyne 

M 

23, 

11-0    a.m.... 

Pollok 

Scotland,  West 

25, 

9-15    „    ... 

Pentland 

Do. 

,1 

29, 

10-15    „    ... 

Ellisniuir 

Do. 

May 

1, 

1-0    p.m.... 

Lingdale 

Durham 

., 

2 

10-0    a.m.... 

Netherjohnstone(No.l) 

Scotland,  West 

?) 

*! 

9-30    .,    ... 

Cornsilloch 

Scotland,  East 

!J 

9, 

2-0    p.m.... 

Coppice           

Staffordshire,  South  ... 

11 

15. 

Cymmer  Glyncorrwg 

South  Wales   ... 

IS 

15, 

4-0   p.m.... 

Aitkenhead 

Scotland.  West 

)) 

15, 

10-45    „    ... 

Milnwood  (No.  2)      ... 

Do. 

» 

21, 

8-0    a.m.... 

Boythorpe 

Midland           

)J 

22, 

3-0    p.m.... 

Rankinston  (No.  2)   ... 

Scotland,  West 

27, 

8-0      „    ... 

Skellyton 

Scotland,  East 

27, 

10-45    .,    ... 

Sanquhar 

Scotland,  West 

J) 

27, 

12-0      „    ... 

Garrochhill 

Do. 

June 

12, 

Greasbro' 

Yorkshire 

13, 

2-6    p.m.... 

East  field          

Scotland,  West 

18, 

9-0    a.m.... 

Great  Wyrley 

Staffordshire,  South  ... 

,. 

24, 

'  "\vpen 

Newcastle-upon-Tyne 

»> 

26, 

7-30  a.m.... 

Corby  Craigs  (No.  4) 

Scotland,  West 

j» 

26. 

9-30    „    ... 

Thankerton  (No.  6)  ... 

Do. 

26, 

7-30  p.m.  .. 

Avonhead 

Scotland,  East 

July 

1, 

7-0    a.m.... 

Loudoun  (No.  1) 

Scotland.  West 

,. 

1. 

3-0    p.m.... 

Tannochside  (No.  2.)... 

Do. 

2 

.. 

2, 

Cyfarthfa,  Cwm  Pit  ... 

South  Wales 

2 

3, 

I'd    p.m.... 

Birkrigg 

Scotland,  East 

5 

8. 

60    a.m.... 

Auchenharvie  (No.  4.) 

Scotland,  West 

11, 

Newbridge  Rhondda ... 

South  Wales 

n 

12, 

Broomhill        

N  e  wcastle-upon-Tyne 

21, 

East  Holywell 

Do. 

27. 

10-0 '  p.m.!!! 

Knowle 

Staffordshire,  South  ... 

Aug. 

2, 

1-30  a.m.... 

Addiewell 

Scotland,  East 

)) 

9 

~S 

1-30    „    ... 

Quarter 

Do. 

7. 

Dirtcar 

Yorkshire 

•J 

10, 

5-30  p.m.... 

Wednesbury  Oak 

Staffordshire.  South  ... 

11, 

... 

Gilfach             

South  Wales 

12, 

7*30  a.m... 

Clydesdale       

Scotland.  East 

sr 

12, 

8-0    p.m.... 

Lochwood  (No.  1) 

Scotland.  West 

4 

19. 

7-0    a.m.... 

Longriggend  ... 

Scotland.  East 

2 

" 

21. 

6-0       

Prestongrauge 

Do. 

1 
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No.  of 

1895. 

Colliery. 

Inspection  District. 

Persons 
[njured. 

Aug. 

21,     7-15  a.m.... 

Btanghow        

Durham 

3 

22,     5*30  p.m.... 

Eastfield  (No.  1) 

Scotland.  West 

1 

„ 

22,  1230     

Netherjohnstone(No.l) 

Do. 

3 

24,   10-30  a.m.  . 

Shelton 

Staffordshire,  North  ... 

2 

1> 

27,     7-0      „    ... 

Kinneil 

Scut  land,  East 

11 

30,         

Gueret's  Graigola 

South  Wales    ... 

Sept. 

2,  12  noon     ... 

Gartshore  (No.  9 J      ... 

Scotland,  West 

?) 

5 

Mynydd  Newydd 

South  Wales- 

;? 

6,         

Criu'ulestoue    ... 

Yorkshire 

11 

0,     8-0    a.m.... 

Blairhall         

Scotland,  East 

)» 

9,         

Gwaun  Clawdd 

South  Wales   ... 

)? 

9,     5-0    p.m.... 

Caprington  (No.  40)  ... 

Scotland,  West 

1) 

9,     5-30    „    ... 

Broomlands  (No.  8)  ... 

Do. 

11 

11,    2-30    ,.    ... 

Granville 

Midland           

19,         

Cymtner  Glyncorrwg. . . 

South  Wales  ... 

23,     7'0    a.m.... 

Abersychan 

South- Western 

?? 

24,         

Rock  Castle     ... 

South  Wales  .. 

2G,         

Scholes 

Yorkshire         

„ 

27,  12  noon     ... 

Thankerton  (No.  6)   ... 

Scotland,  West 

11 

30,     5-0    a.m.... 

Daklowie 

Do. 

30,     9-0      ,.    .. 

Clyde    

Scotland,  East 

Oct. 

2,         

Glyn     

South  WTales 

11 

2,         

Ystradowen     ... 

Do 

1> 

7,     7 '45  a.m.... 

Polbeth            

Scotland,  East 

8,         

Glyn     

South  Wales 

9J 

8,    30    a.m... 

West  burn  (No.  2) 

Scotland,  West 

15 

9,     7-0      „    ... 

Newton  (No.  1) 

Do. 

>1 

11,         

Llantwit  Red  Ash 

South  Wales 

14,         

Newbridge  Rhondda  ... 

Do 

J) 

14,     530  a.m.... 

Penny venie  (No.  3)  ... 

Scotland,  West 

51 

15,     3*15  p.m.... 

Norton  Cannock 

Staffordshire,  South  ... 

)1 

1G,     630  a.m.... 

Exhall 

Midland          

J) 

17,         

Rock  Castle     ... 

South  Wales    ... 

;j 

22,     3*40  a.m.... 

Gartness 

Scotland,  East 

JJ 

23,     6-0      „    ... 

Rosehall  (No.  13)      ... 

Scotland,  West 

11 

23,  12-45  p.m.... 

Lumpsey 

Durham 

>1 

24,     8-0    a.m.... 

Dunmore 

Scotland,  West 

11 

25,     8'15  p.m... 

Gilbertfield  (No.  1)   ... 

Do. 

31,     5-0      „    ... 

Madeley  Wood 

Staffordshire,  North  ... 

Nov. 

1,         

Llanerch 

South  Wales    ... 

. 

1,         

Llantwit  Red  Ash 

Do 

ii 

6,     2-15  a.m... 

Dalziel  (No.  2) 

Scotland,  West 

ii 

6,     70      .,     .. 

Monkland        

Scotland,  East 

6,     9-0      .,    .. 

Birkrigg 

Do. 

ii 

11,     9-15    „    .. 

Shut  End         

Staffordshire,  South  ... 

25,         

Rock  Castle    ... 

South  Wales    ... 

11 

26,  10-30  a.m... 

Ubberley  Hall 

Staffordshire,  North  ... 

Dec. 

12,  12  noon     .. 

Aitkenbead 

Scotland,  West 

!) 

12,  12     „ 

Longriggend   ... 

Scotland,  East 

)) 

13,  110    a.m.... 

East  Tlean       

Scotland,  West 

)) 

16,         

Abercrave 

South  Wales   ... 

11 

17,     9-45  p.m.... 

Pelsall 

Staffordshire,  South  ... 

21,     6-15  a.m.... 

Birkrigg 

Scotland,  East 

3 

» 

21,  12  noon     ... 

Woodhall 

Scotland,  West 

)) 

23,  10-0    p.m.... 

Blakeley  Wood 

Staffordshire,  South  ... 

24,     4-30  a.m.... 

Haughhead     ... 

Scotland,  West 

„ 

27,  11-30  p.m.... 

Earnock 

Scotland,  East 

» 

30,         

Ravensworth  ... 

Newcastle-upon-Tyne 
Total          

2 
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Table  IV. — Babometee.  Theemometee,  etc.,  Readings,  1895. 

JANUARY,  1895. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

'■§1 

Barometer. 

Tempera- 
ture. 

a-  a 
o  o 
a  ° 

J  5 

2  a 

4  A.M. 

10  a.m. 

4  P.M. 

10  p.m. 

Mas 

Min. 

4  A.M. 

10a.m.  4  p.m.  10p.m. 

Mas 

Min. 

P 

35-9 

29-0 

h'% 

- 

! 
30-042   29-973 

30-7 

a'% 

1 

29-810 

29-909 

29-988 

30-073 

NNW 

1 

29976 

29-784 

39-5 

w 

2 

29-994 

29-846 

29-765   29-593 

117 

29-6 

WNW 

2 

29-739 

29640   29-538 

29-486    41-4 

31-9 

sw 

3 

29-457 

29-480 

29-535    29-636 

36-2 

32-0 

N 

3 

29-462 

29-603   29-798 

29-961    36-9 

28-1 

NNW 

4 

29746 

2y-M.4 

29-918   29-954 

37-8 

34-7 

N 

1 

30-078 

30-180   30-187 

30-209    352 

26-3 

MW 

5 

29-953 

29961 

29-908   29-925 

376 

33-1 

N 

5 

30-139 

30-036   29-907 

29-903    33-9 

24-2 

MNE 

6 

29-876 

29-818 

29677   29-5S2 

33-1 

28-6 

N 

6 

29-809 

29-722   29-706 

29-700   37-3 

27-3 

NW 

7 

29-563 

29-675 

29-730   29-782 

33-0 

29-3 

N 

7 

29-672 

29911    29-973 

30-014    35-4 

27-4 

N 

8 

29776 

29-802 

29-808    2!    332 

373 

31-4 

N 

8 

29-983 

29-993   29-952 

29-940   30-9 

22'1 

N 

9 

29-823 

29--,;- 

29874   29-900 

34-6 

29-8 

N 

9 

29-915 

29-922   29-896 

29-901    23-9 

15-1 

WNW 

10    29912   29-915 

29-859    29-846 

321 

21-7 

N 

10    2y-8S6 

29-869   29-814 

29-807    26-0 

150 

E 

11    29-830    29 "856 

29-809   29-701 

29-1 

24-4 

NW 

11    29-779 

29-766   29-667 

29-627    32-7 

223 

E 

12 

29  661    29-592 

29-433  :  29-246 

32-9 

21-8 

ESE 

12  i  29  548 

29-468   29-384 

29-295    33-4 

22-9 

E 

13 

29-1-04   29-001 

29-055   29-030 

41-6 

28-3 

S 

13    29-161 

29-044    28-953 

2S-984   36-2 

32-5 

E 

14 

28-951   28-925 

2S-990   29-057 

42-5 

38-2 

ESE 

11    28-939 

28-937  j  28'962 

28-956  ,  38-S 

330 

E 

15 

29-056   29-075 

29-037   29-022 

42-6 

39-0 

ESE 

15    29-017 

29-062  !  29-055 

29-037 

37-9 

35-7 

ME 

16 

28-997   29  021 

29-045   29-016   4.5-0 

38-8 

S 

16    28-998 

28975 ,  28-941 

28-943 

38-6 

35-0 

EXE 

17 

28-941   29-084 

29-229    29-431    44'2 

37-3 

sw 

17    --\>':> 

28-978    29-002 

29-116 

37-5 

33-1 

W 

18 

29-603   29701    29-739  1  29-816  i  44-5 

32-8 

ssw 

IS    29-251 

29-376   29-502    29'641 

40  2 

33-8 

wsw 

19 

29-794   29-773   29-655    29-499   45-6 

32-3 

SSE 

19    29-694 

29-756   29-718    29-697   38"0 

29-3 

E 

20 

29-444   29-468   29-419   29-461   51-8 

4U-6 

SSW 

20    29-672 

29711    29-734    29-801 

38-1 

32-1 

ENE 

21 

29-464   29-589*29-750    29932   42-6 

31-8 

NNE 

21    29-836 

29-980   30-038    30010 

34-8 

29-3 

NNE 

22 

29-955   29-882   29-788  i  29815  ]  34-8 

27-4 

SW 

22  !  29-743 

29-783   29-773    29-706 

41-0 

31-6 

W 

•■: 

29  643   29-553   29'659  ;  29814  ,  40'5 

27-8 

N 

23  '  29-531 

29-745  29-771    29'629 

41-6 

311 

N 

24 

29-69S   29-345 

29-092    29-168  142-5 

28-9 

SW 

24    29-146 

28-956 :  29-078    29-352 

40-4 

33-3 

W 

25 

29-343   29-525 

29-519  1  29621  1  38'3 

26-7 

MW 

25 

29-498 

29-589   29-580 

29-648 

37-7 

27-4 

NW 

26 

29-648   29722 

29-719    29-721    33-9 

24-6 

NW 

26 

29-686 

29-671   29-595 

29-488 

330 

26-9 

W 

27 

29-734  29-799   29779129-819   31-2 

22-5 

NNW 

27 

29  353 

29-646   29-785 

29-911 

34-5 

27-1 

NW 

28 

29-857   29-983   30-095  •  30-222  1  30"8 

22-1 

MW 

2-' 

29-993 

30-099  1  30-145 

30-142 

29-5 

20-4 

W 

29 

30-242   30233   30-193  i  30'270'  31-5 

20-6 

W 

29 

30-000 

30064  1  30  220 

30-421 

34-4 

26-9 

ME 

30 

30-344  30-426    30:429  1  30-411 1  33-1 

22-7 

ENE 

30 

30-542 

30-681 1  30-679 

30-688 

32-1 

22-3 

E 

31 

30304  30-136    30-043  |  30-031 '  339 

24-3 

N 

31 

30-632 

30-534 1  30-350 

30-283 

33-1 

18-6 

MME 

FEBRUARY,  1895. 


1 

30-018 ' 

30-010 

29-993 

29-974 

31-0 

24-6 

ENE 

2 

29-924 

29-905 

29-906 

29-967 

34-3 

23-2 

ME 

3 

29-973 

29-989 

30-004 

30-085 

33-5 

221 

E>E 

4 

30-118 

30-160 

30-139 

30-142 

34-2 

27-9 

NE 

5 

30-104 

30-066 

29-954 

29-920 

29-6 

19-7 

eme 

6 

29-849 

29-818 

29-761 

29-794 

25-1 

14-5 

NE 

7 

29-822 

29-856 

29-871 

29-913 

25-1 

10-8 

SE 

8 

29-914 

29-928 

29-924 

30-005 

27-8 

11-6 

NE 

9 

30-072 

30-132 

30  084 

30-021 

23-1 

117 

NME 

10 

29918 

29-859 

29-739 

29-632 

30  2 

18-7 

ESE  1 

11 

29-558 

29-617 

29-668 

29-767 

31  1 

20-7 

ENE 

12 

29-623 

29-908 

29"!    5 

30-065 

359 

17-2 

WSW 

13 

30-115 

30-175 

30-194 

30243 

30-8 

17-3 

NNW 

It 

30-253 

30-293 

30-274 

30-272 

29-0 

20-1 

E 

15 

30-227 

30-256 

30  218 

30-272 

32-1 

26-1 

NE    I 

16 

30-304 

30-391 

30-426 

30-463 

34-2 

27-9 

ENE 

17 

30-473 

30-467 

30-421 

30-422 

311 

19-5 

ENE 

18 

30-382 

30-335 

30-263 

30-228 

. 

19-2 

NNE 

19 

30-216 

30-254 

30-246 

30-280 

38-3 

28-7 

NNE 

20 

30-298 

30-319 

30-294 

30-318 

40-1 

251 

NNE 

21 

30-301 

30-308 

30-260 

30-255 

43-2 

34-7 

MNE 

22 

30-266 

30-298 

30-308 

30-343 

40-3 

35-8 

NNE 

23 

30-333 

30-302 

30-177 

30-129 

44-8 

33-3 

N 

24 

29-999 

29-877 

29-707 

29-702 

440 

34-2 

WSW 

25 

29725 

29-838 

29-891 

29-975 

36-1 

30-8 

NE 

26 

29939 

29-897 

29-700 

29-671 

40-4 

28-4 

W 

27 

29-725 

29-763 

29-759 

29-870 

40-1 

31-8 

N 

28 

29-941 

30-022 

30-005 

29  984 

44-9 

31-4 

WNW 

30-244 
30-105 
30-114 
30-247 
30-247 
29-769 
29-719 
29-915 
30-043 
29906 
29-778 
29-851 
30-033 
30-165 
30-379 
30-543 
30-569 
30-392 
30-322 
30-329 
30-337 
30323 
3  1-280 
29-762 
29-983 
29-666 
29-780 
29-836 


30-245 
30-011 
30-162 
30-260 
30-164 
29-656 
29-766 
29-962 
30-048 
29-868 
29-792 
29-909 
30-060 
30-247 
30-432 
30-583 
30-540 
30-357 
30-326 
30-357 
30  332 
30-337 
30-202 
29-785 
30-053 
29-696 
29-825 
29-777 


30-227 
30-019 
30-180 
30-241 
30-016 
29-639 
29  808 
29-985 
29-998 
29-601 
29-765 
29-954 
30-083 
30-269 
30-433 
30-590 
30-484 
30-316 
30-304 
30324 
30-303 
30-321 
30-095 
29-907 
30-041 
29-677 
29-843 
29-705 


30-219 
30-099 
30-258 
30-300 
29-909 
29-719 
29-885 
30-023 
29-966 
29-794 
29-816 
30-019 
30-123 
30-360 
30-517 
30-606 
30-447 
30-301 
30-332 
30-357 
30-325 
30-338 
30-020 
29-956 
30-U27 
29-775 
29-865 
29-522 


35-9 

28-9 

ENE 

36-1 

33-0 

NE 

376 

33-6 

NE 

38-0 

31-7 

ENE 

36-6 

31-1 

NE 

33-0 

21-4 

NW 

24-0 

20-3 

E 

22-9 

10-9 

E 

22-3 

10-3 

W 

26-2 

6-6 

E 

2>-7 

11-5 

N 

30-5 

11-2 

NNW 

33-6 

17-2 

SE 

30-3 

22-6 

ESE 

34-1 

22-2 

E 

38-3 

27-0 

ENE 

36-6 

27-0 

NE 

36-0 

25-2 

W 

311 

19-9 

NME 

35-0 

23-2 

NW 

44-2 

27-2 

W 

409 

27-7 

WSW 

45-4 

35-7 

wsw 

42-1 

36-7 

NE 

40-8   31-1 

N 

47-0   29-5 

W 

41-1   33-3 

WNW 

45-0 

33-9 

W 

liG 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

oS 
o 

Si 

Barometer. 

Tempera- 
ture. 

o§ 

si 

4  a.m. 

10  a.m. 

4p.m. 

10  P.M. 

Max 

Min. 

4  a.m. 

10  A.M. 

4  p.m. 

10  p.m.  Max 

Min. 

1 

29-709 

±7-9 

353 

5  I 
wsw 

Q 
1 

29-560 

29-686   43-8 

7Z 

oo  5 

Pi  % 

29-862 

29774 

29*682 

29-481 

29-4S9 

W 

2 

29715 

29-769 

29-716 

29-6S1 

37-8 

30-9 

N 

-• 

29725   29727 

29-644 

29-627   37-9 

28-9 

NW 

3 

29-605 

29-587 

29-588 

29-666 

38-0 

261 

NNW 

3 

29-538   29-674 

29-668 

29-664   35-1 

28-8 

NNW 

4 

29-680 

29-773 

29-813 

29-S69 

39-8 

26-2 

N 

i 

29-862   29-942 

29-930 

29-931   40-8 

30-6 

NNW 

5 

29910 

29-894 

29-903 

41-6 

31-8 

N 

5 

29-867   29-S27 

29-738 

29-677   42-9 

32-9 

W 

6 

29-856 

29-842 

29-806 

29-815 

43-1 

34-6 

ssw 

6 

29-570 '  29-517 

29-435 

29-524   42-9 

37  -0 

s 

7 

29-787 

29-817 

29-S07 

29-834 

57-5 

35*5 

wsw 

7 

29-602   29-638 

29-593 

29-587   46-5 

32-2 

w 

8 

29-7S2 

29-723 

29-646 

29-635 

48-1 

34-1 

s 

8 

29-524   29-507    29447 

29-466   41-7 

35-8 

SE 

9 

29-609 

29-561 

29-434 

29-38* 

43-2 

38-3 

ESE 

9 

29-472   29-511 

29-457 

29-396   45-1 

36-6 

E 

10 

29-380 

29454 

29-459 

29-514 

50-2 

36-5 

SSW 

10 

29-355   29-343 

29-299 

29-362   39-2 

35-6 

NE 

11 

29-530 

29-563 

29-548 

29-604 

53-7 

30-6 

SSW 

11 

29-378    29-432 

29-474 

29-558     18  7 

337 

ESE 

12 

29-624 

29-644 

29645 

29-749 

50  2 

34-3 

ENE 

12 

29-608   29-701 

29-763 

29-852    38'6 

32-9 

E 

13 

29 -825 

29-969 

30-060 

30-184 

44-5 

33-2 

NNE 

13 

29-910  I  29-983 

29-984 

29-993   44-6 

322 

NE 

14 

.   _ 

30-312 

30-274 

30-335 

54-0 

28-5 

W 

14 

29-970  i  30-039 

30-020 

30-021   47-5 

39-0 

SW 

15 

30-355 

30-377 

30-354 

30-379 

51-8 

40-2 

W 

15 

30-056  ;  30-092 

30-100 

30131   48-7 

44-1 

SW 

16 

30-347 

30-350 

30-295 

30-306 

55-7 

40-2 

w 

16 

30-137   30-183 

3n-l-.ll 

30-1S4   51-8 

428 

SW 

1" 

30-285 

30274 

30-185 

30-195 

54-5 

38-2 

w 

17 

30-154  30-170 

30-146 

30-166   52-1 

39  0 

SW 

18 

30-184 

30-197 

30-085 

30-049 

58-2 

32-7 

N 

18 

30-133  ,  30-043 

-    -73 

29-832    48-7 

35-2 

SW 

19 

30-002 

30-026 

29-947 

29-852 

53-2 

38-1 

w 

19 

29-836  !  29-807 

29-615 

29-631   48-5 

39-9 

SW 

20 

29-779 

29-829 

29-889 

29-950 

54-1 

4.57 

NNW 

20 

29681    29  771 

29-S00 

29-836   48-6 

39-9 

w 

21 

29-930 

29-935 

29-859 

29-910 

61-2 

45-1 

WSW 

21 

29-746   29-735 

29-747 

29-719   53-6 

39-3 

W  N  W 

22 

29-902 

29-946 

29-912 

29-959 

62-0 

41-9 

WNW 

22 

29-725 

29-825 

29-819 

29-811   51-5 

4.3-4 

W     I 

23 

29-959 

29-928 

29-S29 

29-680 

541 

38-1 

SW 

23 

29-684 

29-502 

2i  1-307 

29-062   50-2 

45-0 

ssw 

24 

29-497 

29-301 

29-344 

29-496 

57-1 

43-7 

sw 

24 

28-821 

28-865   28-913 

29-033   51-5 

37-3 

w 

2:, 

29-416 

29-280 

29-098 

29-049 

531 

40-6 

SW 

25 

28-979 

28-84S 

25-734 

28-803   45-7 

37-5 

sw 

2d 

29-U17 

29-173 

29-416 

29-527 

51-8 

40-5 

NNW 

2-1 

28-901 

29-095 

29-215 

.     _   - 

33-2 

WNW 

27 

29-383 

29-094 

29-025 

2S-941 

53-8 

39-8 

sw 

27 

29T76 

29-103 

28-9S3 

2S-S65   43-9 

36-2 

E 

2- 

28-935 

28-854 

28-909 

29-002 

49 -U 

41-8 

sw 

2* 

2s-D>2 

2—13.;  2--->;>2 

28-838   39-7 

31-6 

NE 

29 

28-995 

29-063 

29-154 

29-256 

17-1 

40-1 

w 

29 

28913 

29-031   29080 

29-174   45-1 

371 

NW 

3" 

29-299 

29-330 

29-338 

29-398 

47-3 

366 

WNW 

30 

29-262 

29-397   29-466 

29-510   46-0 

381 

N 

31 

29-420 

29-509 

29-536 

29-591 

49-9 

35-8 

NW 

31 

29-476 

29-491   29-480 
1 

29542    455 

376 

N 

APRIL,  1895. 


1 

- 

29-658 

2 

29-829 

29-858 

3 

29-933 

29-944 

4 

29978 

30-104 

5 

30-248 

30-216 

6 

29-781 

29-581 

7 

29-281 

29-365 

8 

29-723 

29-802 

9 

29-825 

29-917 

10 

29-989 

30-009 

11 

30-213 

30-286 

12 

30-337 

30-348 

13 

30-211 

30-227 

14 

30-257 

30-269 

15 

30T42 

30-104 

16 

29-924 

29-899 

17 

29-731 

29-697 

18 

29-559 

29-600 

19 

29-723 

29-802 

20 

29-954 

30-001 ' 

21 

29-893 

29'  N  5 

22 

29-919 

29'926 

23 

29-563 

29-612 

24 

29711 

29-666 

25 

_ 

29-392 

26 

29-365 

29-424 

27 

29-484 

29-565 

2- 

29-878 

30019 

2:. 

30-131 

30-150 

30 

30T85 

30217 

29701 

29-863 
29-897 
30-172 
30-063 
29-376 
29-544 
29-790 
29-917 
30-036 
30-267 
30-248 
30-193 
30213 
29-981 
29-798 

29614 
29-822 
29967 
29-882 
29793 
29-648 
29-608 
29-388 
29-436 
29-640 
30-075 
30-116 
30-193 


29  B27 

_ 

29913 

30-252 

29-963 

29-310 

29-685    49-0 


49-2 
46-1 
467 
44-4 
49-1 
479 


29-975 
30-144 
30-328 
30240 
30-244 
30-211 
29994 


<■:■: 
60-6 
.-.:••  1 
53-9 
520 
51-7 
51-2 


29'782  56  3 


60-3 
61-9 
64-1 
60-7 
59-2 


29-594 
29-682 
29-916 
29962 
29-917 
29  652 
29-72 

29-635  62-6 
29-422  57-1 

29-771  52-0 

30T33  55-1 

30167  63-8 

30-201  61-4 


297 

WNW 

39-8 

NE 

38-5 

N 

37-7 

ENE 

36-2 

W 

39-1 

SW 

372 

NNE 

39-7 

W 

47-7 

WSW 

45-7 

SW 

39-2 

WNW 

38-0 

NE 

351 

E 

36-8 

E 

34-5 

NE 

38-6 

ENE 

43-6 

NE 

47-0 

WSW 

44-8 

WSW 

486 

SSW 

51-2 

ssw 

5U-7 

ssw 

4f6 

w 

43-3 

s 

44-2 

s 

47-4 

sw 

46-4 

w 

10-8 

NNE 

37-4 

WNW 

441 

wsw 

1 

-       2 

29-768 

29-888 

30-032 

44-8 

37-1 

NE 

2 

30-058 

30-076 

30-000 

29-965 

47-7 

38-6 

N 

3 

29-903 

29-878 

29909 

30018 

50-9 

35-3 

NW 

4 

30-072 

3U-124 

30-123 

30-155 

43-1 

31-9 

NW 

5 

30-080 

29-971 

29779 

29-551 

46-9 

32-7 

SW 

6 

29-203 

29-048 

29007 

29-166 

49-8 

41-4 

WSW 

7 

29-280 

29-395 

29-47S 

29-562 

43-4 

30-6 

WNW 

- 

29-588 

29-604 

29-454 

29-286 

49-7 

311 

S 

9 

29-424 

29-590 

29-659 

29-619 

52-7 

442 

SW 

10 

29-541 

29-589 

29-781 

29-911 

52-1 

4.5-1 

WSW 

11 

29983 

30-106 

30212 

30-i34 

51-8 

41-3 

WNW 

12 

30-335 

30-301 

30-193 

30-165 

48-6 

35-8 

W 

13 

30-179 

30-269 

30  265 

.. 

51-4 

39-0 

E 

14 

30-327 

30-335 

30-357 

30-273 

57-1 

33-6 

E 

15 

3  1-25  I 

30-235 

30-142 

30-149 

53-8 

35-4 

E 

16 

30-090 

30-015 

29-909 

29-905 

53"4 

350 

E 

17 

29-838 

29796 

29-691 

29-684 

48-6 

38-8 

NE 

18 

29-623 

29-596 

29-547 

29-565 

53-9 

39  0 

E 

19 

29-559 

29-628 

29-675 

29-769 

56-7 

44-9 

W 

20 

29-792 

29-788 

29-690 

571 

46-5 

S 

21 

29-583 

29-595 

29-592 

29-655 

56-9 

49-5 

SSW 

22 

29-663 

29-673 

29-545 

-9-359 

57-3 

449 

S 

23 

29-256 

29-362 

29-413 

29-462 

57-2 

49-3 

SW 

24 

2:. -177 

29-485 

29-428 

29-359 

57-2 

47-1 

ssw 

25 

29-432 

29-489 

29-438 

29-391 

.54-2 

45-1 

WNW 

26 

29-311 

29-332 

29-377 

29  467 

49-1 

44-8 

NNW 

27 

29-552 

29-672 

29-779 

29895 

56-0 

45-7 

NNE 

28 

29957 

30009 

30  001 

30-016 

59-1 

46-9 

SW 

29 

29-987 

29-989 

29-932 

29-932 

53-9 

ia-6 

s 

30 

29996 

30-056 

1 

29-984 

29-864 

56-1 

419 

SW 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

o  o 
.2-5 

Barometer. 

Tempera- 
ture. 

—  = 
o  o 

€« 

nj 

4  a.m. 

10  A.M. 

4  p.m. 

10  p.m. 

Max  Min. 

K    5 

d 

4  a.m. 

10  a.m. 

4p.m. 

10  p.m. 

Max 

Min. 

2  a 

P 

A* 

- 

52-4 

421 

WSW 

1 

30-145 

30-133 

30-198 

30-3S0 

61-6 

40-2 

ssw 

1 

29-838 

29-946 

29-994 

30-284 

2 

30-496 

30-577 

30-565 

30-583 

59-1   36-8 

N 

2 

30-410 

30-492 

30-505 

30-552 

57-2 

38-1 

sw 

3 

30-566 

30-512 

30-418 

30-452 

60-9 

38-5 

N 

3 

30-560 

30-549 

30-506 

30-516 

60-1 

39-7 

w 

4 

30-474 

30-481 

30-394 

30-409 

61-6 

43-4 

ENE 

4 

30-518 

30-487 

30-406 

30-395 

62-3 

39-6 

XE 

5 

30-378 

30-331 

30-252 

30-281 

58-5 

39-2 

XNE 

5 

30-397 

30-399 

:;o-:jiin 

30-414 

63-1 

4-2-1 

X 

6 

30-280 

30-283 

30-245 

30-251 

68-3 

44-2 

EXE 

6 

30-42S 

30-453 

30-390 

30446 

68-0 

42-6 

ENE 

7 

30-229 

30  218 

30-152 

30-114 

64-3 

51-8 

ENE 

7 

30-443 

30-398 

30-298 

30-287 

63-4 

42-9 

E 

8 

30-032 

30-014 

29-971 

29-985 

65-6 

49-0 

E 

8 

30-220 

30-110 

29-960 

29-964 

65-8 

43-0 

E 

9 

29-982 

29-984 

29-961 

30-033 

72  2 

40-2 

ESE 

9 

29-954 

29-951 

29-907 

29-955 

66-1 

451 

E 

10 

30-074 

30-113 

30-092 

30-142 

66-3 

45-9 

W 

10 

29-982 

30018 

30-031 

3u-n73 

62-1 

45-1 

WSW 

11 

30-161 

30-187 

30-150 

30-191 

71-7 

439 

XW 

11 

30-090 

30-107 

30-093 

30-133 

65'7 

41-9 

sw 

12 

30-192 

30-217 

30211 

30-241 

75-9 

47-1 

SSW 

12 

30-122 

30-112 

30-109 

30-133 

65-0 

48-0 

E 

13 

30-258 

30-277 

30-224 

30-251 

75-3 

57-2 

ESE 

13 

30-154 

30-190 

30-201 

30-251 

65-4 

52-1 

WSW 

14 

30-262 

30-261 

30-189 

30-132 

71-8 

557 

XXW 

14 

30-228 

30-209 

30-126 

30-083 

57-9 

50-6 

w 

15 

30-065 

29-998 

29-914 

29-872 

60-9 

51-7 

wxw 

15 

30-049 

29-985 

29-942 

29-980 

59-3 

47-9 

wxw 

16 

29-840 

29-S21 

29-741 

29-753 

51-8 

43-0 

X 

16 

29977 

29-909 

29-861 

29-881 

55-3 

41-2 

X 

17 

29-720 

29-712 

29-676 

29-635 

471 

39-4 

raw 

17 

29-819 

29-806 

29-761 

29-779 

47-5 

38-3 

X 

18 

29-539 

29-579 

29-598 

29-573 

530 

41-7 

N 

18 

29-775 

29-765 

29-709 

29-727 

61-9 

41-4 

WSW 

19 

29-566 

29-606 

29-657 

29711 

512 

454 

X 

19 

29-759 

29-811 

29-834 

29-846 

54-1 

41-9 

NE 

20 

29-707 

29-742 

29-743 

29-745 

50-1 

44-4 

X 

20 

29-785 

29-752 

29-754 

29-804 

54-2 

38-3 

EXE 

21 

29-707 

29699 

29-712 

29-772 

58-8 

44-8 

XE 

21 

29-770 

29-727 

29-671 

29  730 

60-1 

43-9 

ESE 

22 

29-788 

29-837 

29-823 

29-881 

65-6 

40-5 

XX  E 

22 

29-793 

29-847 

29-853 

29-879 

56-1 

47-9 

ESE 

23 

29-890 

29-9.  >2 

29-896 

29-897 

65-8 

42  7 

SSW 

23 

29-876 

29-880 

29-864 

29-870 

61-3 

48-2 

ESE 

24 

29-881 

29-886 

29-822 

29-879 

65-2 

48-5 

E 

21 

29-862 

29-868 

29-856 

29  895 

61-6 

43-9 

NXE 

25 

29-88S 

29965 

29-936 

30-041 

66-2 

49-0 

EXE 

25 

29-918 

29  949 

29-947 

29-999 

56-7 

455 

EXE 

26 

30-100 

30-181 

30-201 

30-2S7 

70-2 

49-1 

XW 

26 

30-051 

30-120 

30-174 

30-228 

64-4 

44-0 

W 

27 

30-318 

30-357 

30-308 

30339 

71-8 

46-4 

X 

27 

30-250 

30-270 

30-254 

30-241 

67-7 

47-3 

SW 

28 

30-313 

30-294 

30-216 

30  196 

67-7 

46-1 

ESE 

28 

30-213 

30-187 

30-140 

30-119 

67'2 

45-7 

WSW 

29 

30*162 

30-118 

30-014 

29-992 

76-7 

46-3 

E 

29 

30-075 

30-048 

30-005 

29-971 

677 

49-4 

w 

30 

29-916 

29-863 

29-784 

29-789 

83-7 

50-1 

S 

30 

29  B76 

29-804 

29-697 

29-674 

76-9 

52-1 

s 

31 

29-775 

29-804 

29-801 

29-835 

72-2 

575 

S 

31 

29-622 

29-601 

29-602 

29-651 

67-9 

521 

w 

JUNE,  1895. 


1 

29-800 

29-797 

2 

29-839 

29-881 

3 

30-050 

30-079 

4 

30-151 

30-194 

5 

30-253 

30-296 

6 

30-284 

30-272 

7 

30-196 

30-1S6 

8 

30-163 

30-125 

9 

30-027 

29-973 

10 

29-848 

29-888 

11 

29-942 

29-972 

-12 

29-949 

30-024 

13 

30-173 

30-176 

14 

30-093 

30-072 

15 

30-179 

30-206 

16 

30-109 

30-070 

17 

29-935 

29-919 

18 

29-786 

29-721 

19 

29-609 

29673 

21) 

29-849 

29-946 

21 

30-190 

30-246 

22 

30-301 

30-337 

23 

30-34S 

30-373 

24 

30-415 

30-416 

25 

30-408 

30-389 

26 

30199 

30-145 

27 

29-956 

29-912 

28 

29-918 

29-910 

29 

29751 

29-681 

30 

29-683 

29-724 

29-755 
29-921 
30-074 
30-203 
30-243 
30-182 
30-154 
30-044 
29-866 
29-8S6 
29-898 
30-058 
30-139 
30-036 . 
30-152 
29-945 
29-859 
29-616 
29-696 
30-010 
30-266 
30-306 
30-350 
30-368 
30-291 
30040 
29-879 
29-857 
29-649 
29-724 


29-823 
30-001 
30-140 
30-247 
30-289 
30-218 
3.>-2i  >3 
30-054 
29-S80 
29-943 
29-892 
30-135 
30-137 
30-125 
30-152 
29-938 
29-872 
29-597 
29-774 
30-140 
30-309 
30-336 
30-390 
30-411 
30-266 
30-006 
29-910 
29-829 
29-647 
29-706 


65*2 

50-6 

63  2 

46-3 

70-3 

44-4 

55-9 

53-0  1 

62-9 

50-3 

7:-. 

76-8 

49-6 

79-1 

51-2 

67-6 

55-1 

68-1 

48-9 

61-2 

46-1 ! 

64-] 

41-8 

64-7 

47-8 

63-8 

42-7 

72-0 

4-5-8 

711 

46-8 

73-8 

44-1 

68-8 

522 

71-9 

4S-9 

72-3 

45-4 

75-2 

5S-6 

78-2 

56-1 

74-9 

58-4 

77-2 

50-2 

180-6 

52-3 

76  1 

55' 1 

73-2 

51-2 

;68-9 

58-1 

710 

56-7 

SW 

sw 

NW 
XNE 
NE 

X.NE 
XNE 

NI- 
KE 
NXE 
XW 

raw 

XW 

N 
XNE 
WNW 
NXE 
WSW 
EXE 

W 

SW 

sw 

NW 

N 
XNE 

SSW 

sw 
sw 
sw 
sw 


29-646 
29-811 
30-083 
30-155 
30-344 
30-401 
30-352 
30-184 
30-004 
29-880 
29-806 
29-923 
30-109 
30-074 
30-168 
30-0.52 
29-916 
29-610 
29-572 
29-810 
3  1-006 
30-167 
30-169 
30-406 
30-363 
30-089 
29-845 
29-746 
29591 
29-442 


29-723 
29-896 
30-139 
30-1SS 
30-3S8 
30-386 
30-302 
30-164 
29-962 
29-915 

29T92 

29-978 
30-100 
30-104 
30-140 
29-994 
29-908 
29-560 
29-590 

29-^9 

30057 
30-183 
30-263 
30-418 
30311 
30-021 
29-842 
29711 
29-544 
29-494 


29-726 
29-949 
30-141 
30-207 
30-345 
30-322 
30-218 
30-104 
29911 
29-S94 
29-764 
30-015 
30-069 
30-106 
30-072 
29-926 
29-828 
29-562 
29-613 
29-935 
30-121 
30-165 
30-297 
30-363 
30-213 
29-924 
29-786 
29-641 
29-466 
29-519 


29-775 
30-064 
30-159 
30-273 
39-39- 
30-362 
30-217 
30-077 
29-894 
29-838 
29-816 
30-098 
30-077 
30-176 
30-076 
29-925 
29-768 
29-581 
29-720 
3J-015 
30-174 
30-161 
30-364 
30-379 
30-173 
29-911 
29-777 
29-622 
29-45S 
29-559 


66-0 

55-4 

SSE 

693 

52-3 

E 

63-1 

52  9 

E 

64-3 

52-1 

W 

70-4 

53-6 

ENE 

73-7 

46-2 

X 

77-7 

49-8 

W 

65-0 

52-0 

W 

65-7 

19  7 

WSW 

60-7 

w 

56-5 

46-1 

WSW 

57-7 

49-1 

w 

59-4 

41-1 

wxw 

61-1 

43-6 

N 

64-3 

39-4 

w 

63-8 

42-0 

w 

63-0 

43-2 

w 

53-8 

44-6 

sw 

54-7 

44-2 

w 

63-0 

45-7 

WNW 

62-6 

44-5 

SW 

68-5 

50-8 

WSW 

71-9 

55'3 

WNW 

74-3 

51-8 

NE 

76-3 

50-1 

W 

75-1 

53-0 

SSW 

69  -S 

54-1 

w 

62-0 

54-2 

sw 

68-8 

50-7 

WSW 

68-7 

530 

sw 

148  BAROMETER,    THERMOMETER,    ETC..   READINGS,    1895. 

JULY,  1895. 


KEW. 

Barometer. 

Tempera- 
ture. 

<w  a 

0  0 

2  a 
.2-5 

4  A.M. 

10  a.m. 

4p.m. 

10  p.m. 

Max 

Mill, 

£1 

as 

1 

29-683 

29-644 

29-591 

29-533 

71-3 

56-3 

ssw 

J 

29'464 

29555 

29-689 

29-864 

70-5 

550 

wsw 

3 

29916 

30-002 

30-067 

30-160 

66-8 

51-2 

W  N  VV 

4 

30-180 

30-182 

30-148 

30-170 

68"2 

51-8 

NNE 

s 

30-178 

30-226 

30-216 

30-232 

688 

51-0 

NXE 

6 

30-231 

30-227 

30-186 

30-221 

73-9 

.Mr;. 

NW 

7 

30-208 

30-202 

30-142 

30- 166 

79-8 

ls-9 

SW 

a 

30-141 

30121 

30-047 

30-060 

80-1 

5' i-l 

SSW 

9 

30-04S 

30-019 

29-!'  ;<; 

29-923 

757 

52-0 

wsw 

10 

29-879 

29-928 

29-906 

29-927 

75-8 

57-6 

WN  W 

11 

29-879 

29-875 

29'756 

29-656 

75-8 

57  5 

SSW 

12 

29-567 

29  633 

29-712 

29-819 

65-7 

53-6 

NW 

13 

29-839 

29-845 

29-774 

29-736 

737 

49-0 

W  X  w 

14 

29-700 

_    :  j 

29-798 

29-862 

68-4 

55  '1 

WNW 

15 

29-915 

29  953 

29-954 

29977 

668 

51-2 

WNW 

16 

29972 

29961 

29-909 

.9-891 

67-6 

53-5 

SW 

17 

29-861 

29-820 

29-734 

29-784 

80-4 

53-0 

SSW 

18 

29-784 

29-785 

29-730 

29-619 

76-2 

56-7 

SSW 

19 

29506 

29-621 

29-670 

29  732 

68-8 

559 

SW 

30 

29-654. 

29-466 

29-426 

29-587 

66-7 

55-7 

ssw 

21 

29-553 

29-424 

29434 

29-486 

63-9 

55'2 

NNW 

22 

29-534 

29-656 

29-712 

29-794 

66-6 

54-9 

w 

_■: 

29-804 

29-858 

29-894 

29-881 

69-0 

52'2 

wsw 

24 

29  650 

-!»-6>'i 

29-765 

29-797 

711 

55-6 

sw 

25 

29-839 

29-885 

29  •>:>:, 

29-929 

699 

62-1 

SW 

26 

29-877 

29-842 

29-763 

29-738 

771 

61-1 

SE 

27 

29-706 

29-692 

29-.  -^ 

29 '6»6 

703 

56-7 

SW 

2» 

29-607 

29-580 

29-634 

29-728 

59-1 

53-6 

N 

29 

29-784 

29-880 

-       -- 

29-976 

66-3 

56-1 

WNW 

30 

29  971 

29-996 

29-967 

29971 

,;,,■: 

54-7 

N 

:J1 

29-958 

29  992 

29-975 

30031 

666 

53-5 

NNE 

GLASGOW. 


Barometer. 


4  a.m. 


29-559 
29-433 
29-736 
30-104 
30-172 
30-155 
30-013 
29-968 
29-874 
29-654 
•»y"6R 
29-482 
;9  758 
29-526 
29-729 
29  793 
29-663 
29-586 
29-557 
29-401 
29-357 
29-149 
29-659 
29-618 
29-694 
29784 
29590 
29-598 
29-739 
29-929 
29-996 


10  a.m.  4  p.m.  10  p.m. 


Tempera 
ture. 


Max  Min 


65-7 
67-5 
647 
63-5 
610 
71-2 
70-5 
66-9 
59  3 
63-S 
.",>■> 
633 
57-3 
uj-S 
6U-9 
69-9 
66-5 
66-1 
57-9 
62-0 
623 
61-2 
62-2 
61-9 
60-1 
54-0 
55-4 
59-1 
62-9 
611 
69-2 


511 
52-0 
54-0 
49-7 
439 
527 
56-7 
55-0 
51-8 
51-1 
498 
473 
449 
504 
51-4 
47-7 
50-1 
55-9 
51-2 
50-2 
52-3 
50-8 
467 
49-6 
15-4 
50-8 
49-9 
521 
49-0 
47-3 
47-2 


ENE 
XNE 

NW 
WSW 
WoW 

SW 

S 

S 

SW 

w 

SSW 

NW 

SW 

w 

WNW 
ESE 
SW 
SW 
SW 
S 
K 

w 
w 

NW 

E 

E 

NE 
ME 
NW 
W 

W 


AUGUST,  1895. 


1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


'  30-022 
29-738 
29-597 
29-288 
29472 
29-321 
29-704 
29817 
29-676 
29*768 
29547 
29-737 
29-775 
2  •■-!- 
30138 
30-182 
30-183 
30115 
30-035 

30-048 
29-873 
-  • 
29-890 
30-188 
30-108 
U9-843 
,  30-003 1 
30-199 
30-020 
30148 


30-005 

29-902 

29-864 

29-674 

29-612 

29-638 

29-554 

29-458 

29-341 

29-323 

29-334 

29-410 

29-507 

29-456 

29-363 

29-483 

29-579 

29-672 

29-769 

29-763 

29-805 

29851 

29-806 

29-783 

29-714 

29-733 

29-764 

29-767 

29-653 

29-575 

29-529 

29-578 

29-684 

29-  77-"> 

29-761 

29-816 

29671 

29  661 

29-792 

29-933 

29-975 

30-080 

30-190 

30178 

30-199 

30-206 

30178 

30-181 

30-198 

30  157 

30-167 

30-113 

30-059 

3(1-057 

30-048 

30-031 

30-063 

30-091 

30052 

30-068  ! 

30-061 

29-985 

29-818 

29-818 

29-828 

29-865 

29-866 

29-894 

2y-951 

29-993 

30101 

30-272 

30-240 

.Sii-214 

30-U66 

30013 

29-981 

29-793 

29-749 

29-S96 

30-151 

30175 

30-219  j 

30-191 

30-095 

30-077 

30-069 

30-065 

30-147 

30-202 

30-157 

30-153 

67-61 
70-0 
632 
63-1 
6i-l 
64-6 
67'5 
69-2 
70-9 
72-6 
67-9 
68-2 
638 
68-3 
70-1 
73-9 

74-0 
75-1 
77-0 
73-2 
774 
77-7 
70-8 
66-8 
66-4 
67-3 
69-5 
71-0 
713 
70-2 
66-4 


48-1 

N 

54-5 

S 

54-4 

SSW 

51-4 

wsw 

49-0 

wsw 

55-1 

w 

516 

wsw 

49-5 

w 

57-1 

sw 

58-2 

s 

56-2 

SSW 

54-0 

SSW 

532 

SSE 

52-9 

W 

51-4 

X 

5S-0 

XX  w 

56-5 

SE 

540 

s 

51-0 

WSW 

59-3 

WNW 

55'3 

s 

61-3 

s 

58-2 

SSW 

51-1 

WNW 

46-4 

WSW 

56-8 

?w 

56-7 

SW 

53-9 

WSW 

57-7 

SW 

55-0 

w 

50-2 

WNW 

29-904 
29-545 
29-300 
29-164 
29-345 
29-316 
29-548 
29-712 
29-566 
29-538 
29-364 
29-349 
29-526 
29-701 
30-080 
30-090 
30-058 
30-009 

29952 

29-886 

29-776 

-  - 

29-716 

30-032 

29-801 

29-434 

29-770 

29-852 

29-662 

29-899 


29-838 
29-446 
29-261 

29-246 
29-336 
29-362 
29-608 
29- 75s 
29-489 
29-610 
29-350 
29-427 
29-569 
29-S18 
3H-133 
30-087 
30-078 
29-973 
29-927 
29-9H2 
29-873 
29-759 
J9-, ;,;,", 

29-822 
30-065 

29-801 
29-420 
29-869 
29-804 
29-702 
29-962 


29-752 
29-426 
29-198 
29-302 
29  309 
29-420 
:_9-o58 
29-714 
29-448 
29-595 
29-270 
29-459 
29-568 
_9--99 
30117 
30-059 
30-047 
29-906 
29-940 
29-952 
29-847 
29-695 
29654 
29-934 
30-116 
29-716 
29-434 
29-846 
29-639 
29-747 
29-950 


1  29-684] 
29-406 
29-167 
29-361 
29-308 
29-509 
29-718 
29-659 
29-490 
29-485 
29-3o5 
29-515 
29-6  U 
30-022 
30-119 
30-066 
30-060 
29-893 
29  966 
29-946 
29-847 
29-697 
29-691 
30-024 
29-902 
29-556 
29-582 
29-910 
29-711 
29-869 
29-904 


61-5 

51-3 

SSW 

62-1 

50-7 

SE 

60-3 

53-2 

SW 

61-2 

51-3 

E 

591 

51-0 

XE 

64-1 

53-5 

E 

61-4 

53-0 

WSW 

659 

4S-0 

SW 

63-7 

52-0 

NE 

63-3 

54-0 

SW 

64-3 

54-4 

NW 

60-8 

52-7 

SW 

63-4 

537 

S 

66-2 

51-9 

SW 

65-9 

48-7 

SW 

660 

55-7 

NE 

727 

60-2 

ssw 

71-7 

60.0 

SSW 

64-2 

58-1 

SW 

68-1 

55  6 

SW 

659 

57-1 

SW 

661 

56-8 

xw 

62-5 

51-4 

w 

59-0 

48-0 

NW 

59-7 

44-8 

SW 

62-8 

50-6 

w 

611 

55  2 

wsw 

63-8 

51-2 

SW 

63-8 

56-8 

SSW 

61-0 

54-9 

SW 

59-7 

54-6 

SW 

BAROMETER,    THERMOMETER,   ETC.,    READINGS,    1895. 
SEPTEMBER,  1895. 


H9 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

'o  o 

El 

Barometer. 

Tempera- 
ture. 

o  o 

.§.g 

d 

4  a.m. 

10  A.M. 

4  p.m. 

10  p.m. 

Max 

Min. 

4a.m. 

10  a.m. 

4  P.M. 

10  P.M. 

Max 

Min. 

O 

s  s 

3_ 

n  * 

1 

30-110 

30-098 

29-999 

29-970 

72-3 

44-9 

s 

1 

29-872 

29-850 

29-846 

29-860 

65-2 

54-6 

sw 

2 

29-891 

29-876 

29918 

30-005 

72-7 

55-1 

ssw 

2 

29-796 

29-772 

29-752 

29-778 

70-5 

52-1 

s 

3 

30-012 

30-022 

29-873 

29-866 

75-7 

52-2 

w 

3 

29-749 

29-821 

29-836 

29-865 

633 

53-5 

sw 

4 

29-984 

30-096 

30-077 

30113 

73-0 

550 

WSW 

4 

29-S68 

29-873 

29-826 

29-853 

60-1 

51'5 

ssw 

5 

30-075 

30-062 

30-003 

30  029 

71-3 

50-2 

ssw 

5    29-852 

29-853 

29-842 

29-911 

61-1 

51-1 

sw 

6 

30-034 

3.i-o9S 

30-047 

30-036    74-0 

60-9 

sw 

6    29-962 

30-032 

30001 

29-942 

64-0 

43-7 

sw 

7 

29-OS3 

29933 

29-992 

30-087   76-3 

61-0 

w 

7 

29-S17 

29-812 

29-878 

29-995 

62-7 

53-7 

WSW 

8 

30-144 

30-189 

30-150 

30-173    733 

567 

ENE 

8 

30-035 

30-090 

30-073 

30069 

61-8 

52  3 

sw 

9 

30-134 

30-ll'8 

29-990 

29-923   78"? 

55-3 

ESE 

9 

30-006 

29-947 

29-800   29714 

747 

50-1 

s 

10 

29"851 

29875 

29-791 

29-759    71-8 

56-8 

SW 

10 

29626 

29-560 

29-441    29-281 

65-2 

560 

ssw 

11 

29-743 

29-776 

29-789 

29-894    66-6 

54-1 

WSW 

11 

29-194 

29-247 

29-408 

29-603 

597 

532 

w 

12 

29  951 

30-025 

30-057 

3H-122    62-6 

50-9 

W 

12 

29-711 

29-800 

29-923 

30-041 

58-1 

t9-7 

W  N  W 

13 

30-151 

30-211 

30-201 

30-219    62-5 

17-7 

NNTW 

13 

30-098 

3  i-lo9 

30-169 

30173 

59-9 

47-0 

WNW 

14 

30211 

30-236 

30-207 

30-257    65-0 

42-7 

MNW 

14 

30-159 

30-170 

30-185 

30-229 

59-4 

53  4 

ws  .v 

15 

30-267 

30-310 

30-289 

30-289    66-8 

45-1 

WNW 

15 

30-236 

30-241 

30-216 

30-211 

59  6 

52-0 

WSW 

16 

30-290 

30-301 

30-218 

30-213    68-1 

460 

wsw 

16 

30-150 

30-142 

30-065 

30-011 

58-7 

51-2 

WSW 

17 

30173 

30-180 

30-060 

30-070   69-7 

48-7 

WSW 

17 

29950 

29-888 

29-795 

29-824 

58-4 

56-0 

s^v 

IS 

30-064 

30-071 

29-979 

30-011  l  7^-9 

53'5 

w-?w 

18 

29-766 

29678 

29-711 

29-928 

62-8 

50-6 

WSW 

19 

30-043 

30-117 

30-156 

30-212    60-0 

47-8 

WSW 

19 

29-987 

30-065 

3i.  -130 

30-259 

60-3 

47-0 

w 

20 

30-297 

30-373 

3"-329 

30  361    63-7 

41-0 

E 

20 

30-278 

30-332 

30-295 

30-289 

57-7 

12-3 

NW 

21 

30-343 

30381 

30*335 

30-362    62-9 

40-8 

E 

21 

30-255 

30-260 

30-229 

30-266 

62-2 

42  0 

S  V 

22 

30-335 

30-316 

30-248 

30-247   6S-2 

38-6 

E 

22 

30-252 

30-241 

30-175 

30-169 

62-2 

47-0 

SW 

23 

30-221 

30-245 

30-198 

30-216    75-.J 

43-4 

E 

23 

30-136 

30-140 

30-117 

30-125 

64-3 

39-2 

w 

24 

30191 

30  191 

30-130 

30-160    80-2 

53-7 

NE 

24 

3u-(is4 

30-063 

30-060 

30093 

61-1 

512 

w 

25 

30-151 

30-195 

30191 

30-254   76-9 

.'■7-.i 

SSW 

25 

30-088 

.;  1-082 

30  109 

70-4 

51-7 

N 

26 

30'251 

30266 

30-215 

30-228   79-4 

55-4 

E 

26 

30-107 

30-167 

30-148 

30-175 

69-3 

58-5 

w 

27 

30-194 

30-200 

30-157 

30-2  7    78-6 

60-0 

E 

27 

30-162 

30  179 

30-136 

30-179 

72-5 

551 

E 

2S 

30-195 

30-220 

30-1S0 

30-213 

757 

56-2 

E 

28 

30-183 

30-228 

30-180 

30-237 

70-5 

53-8 

N 

29 

30-194 

30-185 

30-120 

30121 

73'3 

50-4 

ENE 

29 

30-190 

30-200 

30-132 

3U-12-; 

62-1 

54-4 

N 

30 

30-06  i 

30-034 

29-900 

29-871 

74-9 

54-1 

E 

30 

30-080 

30-026 

29-884 

29-816 

69-1 

47-3 

W 

OCTOBER,  1895. 


1 

29-787 

29-761 

29-668 

29-599 

70-9 

53-0 

SSW 

1 

29-731 

29-628 

29-452 

29-314 

66-6 

49-0 

ENE 

2 

29-319 

29-473 

29-542 

29-625 

62-4 

41-6 

w 

2 

29-126 

29-070 

29-211 

29-332 

o9o 

40-2 

NW 

3 

29-634 

29-365 

29-318 

29-391 

63-9 

39 -S 

WSW 

3 

29-247 

29-015 

28-893 

28-990 

43-6 

39-d 

ESE 

4 

29-322 

29-413 

29-571 

29-790 

59-0 

41-0 

WNW 

4 

29-068 

29-291 

29-454 

29-484 

48-4 

38-0 

WNW 

5 

29-814 

29-796 

29-725 

29-577 

58-8 

37 -S 

SW 

5 

29-3S0 

2!'-3:'2 

29-407 

29-408 

52-4 

43-2 

WSW 

6 

29-547 

2y-581 

29-564 

29-616 

59- 1 

49-9 

SSW 

6 

2li-4l7 

29-455 

29-456 

29-423 

52-3 

42-3 

w 

7 

29-072 

29-743 

29-693 

29-612 

56-9 

44-8 

w 

7 

29-415 

29-451 

^9-431 

29-3SS. 

ol-l 

41-6 

WSW 

s 

29-433 

29-328 

29-204 

29-087 

56'5 

49  9 

ESR 

8 

29-355 

29-404 

29-389 

29-408 

52-8 

43- 1 

N 

9 

29-027 

29-099 

29-272 

29-428 

54-3 

49-2 

NNW 

9 

29-334 

29-290 

39-301 

29-420 

511 

44-6 

N 

10 

29-511 

29-629 

29-788 

29-946 

52-2 

40-5 

NNW 

10 

29  538 

29-777 

29-809 

621 

41-2 

NW 

11 

30-013 

30-076 

30110 

30-134 

56-1 

37-6 

WNW 

11 

29-885 

29961 

29-873 

29-753 

61-6 

43-1 

SW 

12 

30-094 

30-124 

30-143 

30-201 

58-7 

47-5 

W 

12 

29-698 

29-773 

29-870 

29-974 

6V0 

..!■, 

SW 

13 

30-194 

30-200 

30-115 

30-130 

55'5 

45-9 

WNW 

13 

29-957 

29-912 

29-890 

29-874 

53-1 

o0o 

SW 

14 

30-065 

30-033 

29-95S 

29-976 

59-4 

47-7 

SW 

14 

29-826 

29-834 

29-979 

51-8 

45-8 

NE 

15 

29-965 

29-957 

29-880 

29-893 

60-6 

43-0 

w 

15 

30-078 

29996 

29-992 

30-047 

4,  -3 

42-0 

E 

16 

29-905 

30-136 

30-240 

30-371 

57'3 

389 

-\NE 

16 

30-128 

30-249 

30-333 

30-425 

49-1 

368 

N 

17 

30-415 

30-473 

30-460 

30-507 

52-2    34-0 

NR 

17 

30-464 

30"5o8 

30-472 

30-475 

18-9 

31-8 

NE 

18 

30-494 

30-523 

30-455 

30-451 

53-6 

31-6 

KK 

18 

30-445 

30-447 

30-389 

30-378 

50-9 

32-9 

SW 

19 

30-398 

30-384 

30-286 

30-274 

50-9 

35-4 

ENE 

19 

30-336 

30-320 

30-238 

30-204 

oil 

32-9 

NW 

20 

30-224 

30238 

30-191 

30-183 

51 -3 

377 

ENE 

20 

30  L70 

30-252 

30-216 

30-160 

18-0 

U.-8 

E 

21 

30-114 

30-048 

29-925 

29-847 

50-5 

35'1 

WSW 

21 

30053 

30-048 

30-028 

30044 

42-, 

35-0 

NE 

"■' 

29-738 

29-691 

29-618 

29-610 

43-5 

39-8 

N.\K 

22 

30014 

29-988 

29-848 

42-9 

34-8 

N 

23 

29-568 

29-576 

29-541 

29-533 

437 

34-2 

NNB 

23 

29-750 

29-719 

29-616 

29-515 

43-0 

30-1 

N 

24 

29515 

29-516 

29-474 

29-463 

4.V4 

28-6 

W 

24 

29-389 

29-384 

29'352 

29-366 

43-3 

31-8 

NW 

25 

29493 

29-517 

29-494 

29-504 

46-0 

29-7 

WNW 

25 

29-374 

29-382 

29-375 

29-468 

42  J 

32-0 

NW 

■M 

29-516 

29545 

29-553 

29-650 

38-9 

25-3 

WNW 

26 

29-574 

29-o79 

29  636 

29-623 

433 

31-5 

NNW 

27 

29-695 

29-718 

29-717 

29-739 

43-7 

28-1 

WNW 

27 

_     126 

29-682 

29-666 

29-685 

43-1 

31-3 

W 

"S 

29-762 

29-758 

29-708 

29-715 

44-0 

25-1 

sw 

28 

29-635 

29-618 

29644 

29-740 

40-o 

2s-5 

w 

?,9 

29-722 

29-806 

29-861 

29-972 

40-1 

32-3 

NNW 

29 

29-801 

29-925 

29-9S8 

30-044 

439 

33-4 

N 

30 

30-060 

30-134 

30-058 

30-001 

4,5-2 

30-6 

w 

30 

29-997 

2li  i-20 

29-714 

29-663 

47-9 

328 

sw 

n 

29-866 

29-880 

29-967 

30-121 

50-1 

41-4 

SSW 

31 

29-750 

29-963 

30-106 

30'261 

45-y 

37-8 

NE 

150 
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0 

54-3 

38-3 

SE 

0 

1 

30-459 

30-2 

NE 

1 

30-246 

30-408 

30-420 

30-435 

30-363  '  30-471 

30-477 

43-2 

2 

30-357 

30-247 

30-075 

30-049 

49-5 

33-0 

ESE 

2 

30-406  1  30-341 

30-185 

30-118 

43-8 

35-0 

NE 

3 

29-991 

29-945 

29-838 

29-778 

49-6 

32-1 

SSE 

3 

30-005   29-965 

29-852 

29-808 

40-7 

32-0 

E 

4 

29-753 

29-729 

29-567 

29-574 

50-9 

44-5 

SE 

4 

29-750   29-717 

29-635 

29-561 

42-1 

39-2 

ENE 

5 

29-549 

29-504 

29-501 

29-251 

58-0 

40-9 

SW 

5 

29-476  1  29-399 

29-146 

28-806 

49-8 

40-1 

ESE 

6 

29-440 

29-554 

29-645 

29-757 

59-4 

52-6 

WSW 

6 

28-728   28-872 

29-027 

29-196 

50-9 

46-4 

SW 

7 

29-825 

29-853 

29-833 

29-8S3 

59-1 

50  8 

SW 

7 

29-395   29-563 

29-600 

29-672 

52-1 

45-6 

SW 

8 

29-944 

29-944 

29-840 

29-745 

56-2 
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SW 

8 

29-706  |  29-757 

29-753 

29-711 

50-6 

44-8 

SW 

9 

29-630 

29-703 

29-820 

29-860 

56-5 

45-6 

NW 

9 

29-594  i  29-555 

29-565 

29-583 

47-9 

40-1 

w 

10 

29-798 

29686 

29-518 

29-294 

55-9 

44-9 

SSW 

10 

29-394 

29-148 

29-019 

28-500 

53-0 

37-2 

SSW 

11 

29-184 

29-292 

29-306 

29-265 

53-9 

45-S 

WSW 

11 

28-513 

28-874 

28-950 

28-873 

54-4 

40-8 

SW 

12 

29-266 

29-201 

29-135 

29-217 

50-3 

42-0 

SSW 

12 

28-806 

28-762 

28-821 

28-842 

44-5 

37-4 

SW 

13 

29-354 

29-594 

29-772 

29-S62 

53-9 

42-7 

w 

13 

29-034 

29-249 

29-390 

29-427 

48-4 

39-8 

w 

14 

29-840 

29-804 

29-792 

29-996 

55-2 

432 

SW 

14 

29-348 

29-334 

29-387 

29-573 

46-4 

39-0 

WSW 

15 

30-038 

29-986 

29-711 

29-695 

58-6 

37-1 

s 

15 

29-694   29  560 

29-140 

29-244 

54-7 

39-1 

s 

16 

29-710 

29-675 

29-606 

29-965 

61-6 

46-2 

SSW 

16 

29-357 

29-210 

29-18S 

29-476 

48-7 

38-5 

SW 

17 

30-047 

30-094 

30-143 

30-267 

54-3 

38-2 

WSW 

17 

29-567 

29-777 

29-895 

30-020 

456 

38-0 

WSW 

18 

30-334 

30-380 

30-336 

30-312 

4S-7 

29-9 

WSW 

18 

30-091 

30-172 

30-147 

30-166 

46-6 

37-2 

SW 

19 

30-230 

30-175 

30-080 

30-012 

47-7 

38-0 

ESE 

19 

30-126 

30-108 

30-008 

29-939 

43-2 

36-8 

ESE 

20 

29-920 

29-897 

29-881 

29-929 

51-6 

46-9 

SE 

20 

29-846 

29-821   29-768 

29-827 

50-4 

40-2 

ENE 

21 

29-932 

30-000 

30-028 

30-101 

51-8 

46-6 

ESE 

21 

29-859 

29-916 

29-881 

29-895 

50-8 

47-1 

ENE 

22 

30-142 

30-178 

30-095 

30-003 

53-0 

42-8 

WNW 

22 

29-959 

30-071 

29-952 

29-941 

51-5 

41-9 

W 

23 

29-780 

29-745 

29-802 

30-077 

46-0 

37-4 

N 

23 

30-025 

30-151 

30-272 

30-368 

42-7 

37-0 

NE 

24 

30-183 

30-231 

30-174 

30-187 

43-9 

37-8 

NE 

24 

30-436 

30-494 

30-500 

30-510 

42-4 

36-1 

ESE 

25 

30-205 

30-199 

30-169 

30-169 

44-1 

41-9 

NE 

25 

30-494 

30-497 

30-432 

30-395 

42-9 

36-6 

E 

26 

30-130 

30-138 

30-065 

30-053 

42-0 

35-6 

ESE 

26 

30-326   30-258 

30-145 

30-082 

44-5 

41-0 

E 

27 

29-982 

29-969 

29-896 

29-899 

47-0 

35-7 

E 

27 

29-981   29-958 

29-921 

29-904 

43-9 

40-5 

E 

28 

29-849 

29-829 

29-757 

29-768 

50-4 

37-9 

E 

28 

29-866   29-850 

29-779 

29-730 

45-2 

41-0 

S 

29 

29-702 

29-661 

29-577 

29-546 

521 

49-0 

SE 

29 

29-645 

29-657 

29-610 

29-653 

47-3 

43-8 

ENE 

30 

29-549 

29-631 

29-738 

29-905 

51-4 

42-7 

W 

30 

29-622 

29-644 

29-65  2 

29-707 

46-4 

42-1 

W 
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29-957 

30-028 

29-997 

30-062 

46-2 

36-1 

SW 

1 

29-702 

29-684 

29-725 

29-832 

44-3 

35-9 

SW 

2 

30-105 

30-167 

30-121 

30-062 

47-6 

32-7 

SW 

2 

29-856 

29-815 

29-588 

29-486 

48-1 

36-4 

SW 

3 

29-992 

30-016 

30-030 

30-051 

50-0 

40-1 

w 

3 

29-594 

29-715 

29-708 

29-643 

48-1 

38-2 

WSW 

4 

30-061 

30-063 

29-915 

29-823 

50-9 

39-6 
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48-9 

36-1 
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39-2 

31-7 

W 
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36-7 

31-3 
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31-7 

W 
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29-748 

29-793 
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43-3 

37-8 

w 

11 

30-031 

30-049 

29-969 

29-904 

42-2 

26-1 

NW 

11 

29-782 

29-819 

29-831 

29-816 

44-5 

37-4 

WSW 

12 

29-859 

29-773 

29-317 

29-199 

47-7 

37-8 

SSW 

12 

29-642 

29-250 

28-882 

28-898 

41-0 

33-8 

SE 

13 

29-223 

29-316 

29-411 

29-556 

43-6 

36-4 

WNW 

13 

28-9SS 

29-195 

29-412 

29-561 

42-3 

34-0 

WNW 

14 

29-695 

29-790 

29-694 

29-573 

48-1 

33-7 

WNW 

14 

29-594 

29-469 

29-276 

29-297 

49-4 

34-3 

s 

15 

29-365 

29-236 

29-193 

29-187 

51-0 

35-5 

W 

15 

29-167 

28-919 

28-714 

28-769 

42-1 

35-2 

NE 

16 

29-098 

29-107 

29-153 

29-279 

44-2 

35-8 

S 

16 

28-865 

28-980 

29-028 

29-150 

41-1 

36-3 

ENE 

17 

29-376 

29-533 

29-582 

29-638 

44-5 

40-2 

ESE 

17 

29-364 

29-590 

29-703 

29-804 

43-1 

39-7 

ENE 

is 

29-653 

29-710 

29-711 

29-779 

42-1 

39-3 

E 

18 

29-817 

29-829 

29-820 

29-849 

41-0 

38-0 

NE 

19 

29-796 

29-834 

29-848 

29-898 

393 

34-7 

NE 

19 

29-877 

29-868 

29-886 

29-942 

39-0 

36-7 

ENE 

20 

29-900 

29-949 

29-941 

29-934 

38-3 

35-0 

NNW 

20 

29-958 

29-999 

29-987 

29-996 

37-3 

31-5 

N 

21 

29-927 

29-956 

29-910 

29-905 

35-9 

29-9 

N 

21 

29-959 

29-954 

29-882 

29-867 

32-7 

26-6 

NE 

22 

29-844 

29-807 

29-758 

29-743 

36-0 

28-9 

E 

22 

29-820 

29-750 

29-689 

29-711 

37-0 

28-4 

E 

23 

29-701 

29-716 

29-669 

29-642 

37-6 

33-2 

E 

23 

29-709 

29-723 

29-707 

29-690 

41-1 

34-0 

ESE 

24 

29-533 

29-466 

29-386 

29-426 

391 

36-2 

E 

24 

29-656 

29-608 

29-601 

29-632 

40-9 

36-2 

E 

25 

29-494 

29-637 

29-696 

29-782 

37-2 

32-8 

NE 

25 

29-674 

29-797 

29-829 

29-907 

37-6 
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E 

26 

29-808 

29-830 

29-809 

29-900 

37-2 

32-5 

ENE 

26 

29-730 

29-974 

29-987 

30-075 

37-7 

34-7 

E 

27 

30-052 

30-229 

30  345 
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37-2 

34-6 

E 

27 

30-169 

30-271 

30-315 

30-343 
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33-3 

ESE 

28 

30-394 

30-329 

30-123 

29-973 

46-2 

32-6 

ESE 

28 

30-270 

30-106 

29-891 

29-757 

34-4 

31-7 

E 

29 

29-901 

29-925 

29-863 

29-811 

48-5   45-2 

WSW 

29 

29-666 

29-655 

29-636 

29-656 

44-8 

33-0 

SW 

30 

29-753 

29703 

29-672 

29-733 

54-4 

45-9 

SW 

30 

29-614 

29-542 

29-526 

29-592 

44-1 

40-3 

E 

31 

29-771 

29871 

29-969 

30  076 

51-5 

366 

NW 

31 

29-684 

29807 

29-847 

29-873 

45-0 

40-0 

ENE 
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ANNUAL  REPORT  OF  THE  COUNCIL,  1895-96. 

The  numbers  of  the  members  of  various  classes  during  a  few  recent 
years  are  as  follows : — 


Honorary  Members... 

Members        

Associate  Members  ... 
Associates 

Students        

Subscribing  Collieries,  etc. 

Totals         813  936        1.020 

The  members  are  to  be  congratulated  on  the  continued  increase  in 
their  numbers,  which  still,  however,  only  slightly  exceed  the  figures  of 
a  few  years  ago. 

The  class  of  Associates,  consisting  of  persons  occupying  subordinate 
positions  in  engineering,  has  been  very  successful,  and  has  tended  to 
increase  the  membership  roll. 

An  Excursion  Meeting  of  the  members  was  held  at  Wigan,  on  July 
14th,  15th,  and  16th,  1896,  and  the  thanks  of  the  Institute  are  due  to 
Mr.  Henry  Hall,  H.M.  Inspector  of  Mines,  Mr.  John  Knowles,  Mr. 
Charles  Cockson,  and  others,  who  made  the  excellent  arrangements  for 
the  meeting. 

The  recently  initiated  meetings  of  Students  have  proved  successful  as 
to  attendance,  and  one  of  the  papers  communicated  has  been  printed  in 
the  Transactions. 

The  Council  are  endeavouring  to  make  arrangements  in  order  that 
papers  of  interest  to  Indian  and  Colonial  members  may  be  locally  read 
and  discussed,  and  it  is  especially  desired  that  members  will  endeavour  to 
ensure  the"  success  of  these  localized  meetings.  Mr.  A.  R.  Sawyer  has 
called  two  meetings  in  Johannesburg ;  but  owing  to  concurrent  disturb- 
ances no  definite  arrangements  were  made  for  their  being;-  continued. 
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The  Council  are  pleased  to  congratulate  the  members  on  the  success 
which  has  attended  the  formation  of  the  "Western  Australian  branch,  and 
trust  that  members  resident  in  India  and  the  Colonies  will  be  able  to 
form  similar  local  associations. 

The  Report  of  the  Committee  on  Mechanical  Ventilators  is  completed, 
and  will  be  issued  to  the  members  during  the  course  of  the  next  few 
months. 

Five  volumes  of  the  Sinkings  and  Borings  (A  to  T)  have  been  issued, 
and  the  remaining  volumes  will  be  published  at  early  dates. 

The  additions  to  the  library  by  donations,  exchanges,  purchase,  etc., 
have  been : — 

Bound  volumes  ...         ...         ...         ...         ...         ...        264 

Pamphlets,  reports,  etc.  ...         ...         ...         ...        234 

A  total  of        498  titles. 

The  library  now  contains  7,178  volumes  and  1,261  unbound  pamphlets 
The  card  catalogue  is  now  complete,  and  renders  the  books  more  readily 
accessible  to  the  members. 

The  library  (including  the  books  and  numerous  engineering  papers) 
is  available  to  members  from  10  a.m.  to  5  p.m.,  and  those  residing  at 
a  distance  may  make  use  of  the  books  by  communicating  with  the 
Secretary. 

A  number  of  models  have  been  lent,  and  others  presented,  to  The 
Durham  College  of  Science,  where  they  will  prove  of  use  to  mining- 
students  and  others. 

It  will  be  seen  by  the  list  appended  to  this  Report  that  several  of  the 
files  of  publications  have  been  rendered  incomplete  by  the  neglect  of 
members  to  return  books  to  the  library,  and  it  is  urgently  requested  that 
they  search  for  and  return  the  missing  volumes. 

The  "Wood  Memorial  Hall,  Lecture  Theatre,  etc.,  have  been  kept  in 
repair. 

The  arrangement  with  the  Literary  and  Philosophical  Society  of 
Newcastle-upon-Tyne  has  proved  of  great  advantage,  by  which  the  door- 
way between  the  adjacent  libraries  is  opened  daily,  and  the  members  of 
either  society  are  allowed  (on  the  production  of  a  member's  pass)  to  refer 
to  the  books  in  the  library  of  either  society. 

A  considerable  reduction  has  been  made  in  the  prices  of  the 
Transactions  and  other  publications  of  the  Institute,  and  members 
are  recommended  to  complete  their  sets  before  the  stock  is  exhausted. 
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The  Explosives  Committee  have  concluded  their  investigations,  and 
the  results  of  their  experiments  and  their  recommendations  are  contained 
in  the  Report  recently  issued  to  the  members.  The  Council  have  been  in 
communication  with  the  Secretary  of  State  for  the  Home  Department,  as 
to  the  disposal  of  the  plant,  continuation  of  the  experiments,  etc.,  but 
the  matter  is  still  pending. 

The  Council  felt  that  the  services  which  Mr.  A.  C.  Kayll  had  rendered 
to  the  Explosives  Committee  in  preparing  the  Report,  etc.,  deserved 
special  recognition,  and  they  accordingly  presented  him  with  a  gold 
watch  and  chain  and  a  cheque,  as  a  token  of  the  appreciation  of  the 
members. 

Mr.  J.  H.  Merivale  has  been  re-appointed  to  represent  the  Institute 
at  the  Conference  of  Corresponding  Societies  of  the  British  Association, 
for  the  Advancement  of  Science,  at  Liverpool,  in  September  next. 

The  Federated  Institution  of  Mining  Engineers  has  now  completed 
its  seventh  year,  during  which  period  General  Meetings  have  been  held  at 
Stoke-upon-Trent,  on  September  18th  and  19th,  1895;  at  Sheffield,  on 
February  19th  and  20th,  1890  ;  and  at  London,  on  June  4th,  5th,  and 
6th,  1896.  In  addition,  a  meeting  of  the  Students  and  junior  members 
was  held  in  this  district  on  August  13th,  14th,  and  15th,  1895,  and  the 
thanks  of  the  members  are  specially  due  to  the  Committee  who  made 
the  arrangements,  and  to  all  those  who  by  their  services  contributed  to 
the  holding  of  an  instructive  and  pleasant  meeting. 

Prizes  of  books  have  been  awarded  to  the  writers  of  the  following 
papers,  communicated  to  the  members  during  the  year  1894-95  : — 

"Sinking  with  Rock-drills."     By  Mr.  Frank  Coulson. 

"  The  Effect  of  an  Obstruction  in  the  Air-way  of  a  Mine."      By  Mr.  T.  L. 

Elwen. 
"  Magnetic  Decimation  in  Mines."     By  Mr.  James  Henderson. 
"  The  Working  of  Haematite  in  the  Whitehaven  District."     By  Mr.  J.  M. 

Main. 
"The  Mining  of  the  Softer  Ores  of  Furness."     By  Mr.  H.  Mellon. 
"Improvements  in  Brick-kilns."     By  Mr.  R.  W.  Moore. 
"  The  Extension  of  the  Cumberland  Coal-field,  Southward  and  Northward 

under  the  St.  Bees  Sandstone."     By  Mr.  R.  Russell. 
"Electric  Transmission  of  Power."     By  Mr.  Alexander  Siemens. 
"  Saving  of  Life  from  After-damp,  Smoke,  or  Fumes  in  Mines."     By  Mr. 

Simon  Tate. 
"Engineering    Heliography,    or   the    Sim-print    Copying   of   Engineering 

Drawings."     By  Mr.  B.  H.  Thwaite. 
"  British  Guiana  Gold-fields."     By  Mr.  E.  P.  Wood. 
"The  Murton  Coal-washer."     By  Mr.  W.  0.  Wood. 

The  papers  communicated  to  the  members  during  the  year  have  been 
as  follows : — 
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"Haulage   at    Wearmouth    Colliery."      By  Messrs.   W.   R.   Bell  and  E. 

McGowan 
"Coal-cutting  by  Machinery."     By  Mr.  William  Blakemore. 
••  The  Kent  Coal-field."      By  Messrs.  F.  Brady,  G.  P.  Simpson,  and  N.  R. 

Griffith. 
"The  Resistances  of  Air-currents  in  Mines."     By  Mr.  T.  L.  Elwen. 
"A  Compound  Winding-engine."     By  Mr.  William  Galloway. 
"  The  Causes  of  Death  in  Colliery  Explosions."     By  Dr.  J.  S.  Haldane. 
••  Some  Aspects  of  Recent  Colliery  Explosions."     By  Mr.  Henry  Hall. 
"The   Quicksilver    Mines   and   Reduction-works  at   Huitzuco,   Guerrero, 

Mexico."     By  Mr.  Edward  Halse. 
"  Recovery  of  Bye-products  in  the  Manufacture  of  Hard  Coke."     By  Mr. 

John  Jameson. 
"The  Whitehaven  Sandstone  Series."     By  Mr.  J.  D.  Kendall. 
■•  Shot-firing  in  Fiery  and  Dusty  Mines."     By  Bergrat  H.  Lohmann. 
"A  Deposit  found  at  Delaval   Colliery,  Benwell,  Northumberland."     By 

Messrs.  Chas.  J.  Murton  and  Saville  Shaw. 
"  Notes  on  the  Explosion  of  Coal-dust."     By  Mr.  W.  J.  Orsman. 
"Notes  on  the  Geological  Features  of  the  Coast  of  North  Wales,  from 

Liverpool  to  Menai  Bridge. "     By  Mr.  C.  E.  De  Ranee. 
"  The  Mode  of  Obtaining  a  True  North  Line."     By  Mr.  A.  L.  Steavenson. 
"Safetj'-explosives."     By  Bergassessor  Winkhaus. 

In  conclusion,  the  Council  urge  the  members  to  use  their  best 
endeavours  to  increase  the  membership,  as  the  continued  success  of  the 
Institute  is  entirely  dependent  upon  its  ability  to  meet  the  considerable 
expenses  incurred  by  the  connexion  with  The  Federated  Institution  of 
Mining  Engineers. 
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REPORT  OF  THE  FINANCE  COMMITTEE. 

The  total  income  for  the  year  amounted  to  £2,474  13s.  9d. ;  deduct- 
ing from  this  the  sum  of  £93  18s.,  subscriptions  of  new  life  members; 
£120,  subscriptions  paid  in  advance;  and  £100  subscribed  by  the  Coal 
Trade  Associations  to  the  expenses  of  the  Explosives  Committee — leaves 
£2,154  15s.  9d.  as  the  ordinary  income  of  the  year,  compared  with 
£2,004  0s.  8d.  for  the  previous  year;  showing  an  increase  of  £150  15s.  Id. 

In  accordance  with  the  decision  of  the  Council,  the  names  of  several 
members  whose  subscriptions  were  in  arrear  have  been  struck  out  of  the 
list  of  members.  The  amounts  written  off  in  consequence  are : — For 
current  year,  £45  3s.  Od. ;  arrears,  £86  2s.  Od.  The  amount  of  subscrip- 
tions now  in  arrear,  in  excess  of  one  year,  is  £32  lis.  Od. 

The  total  expenditure  amounted  to  £2,235  12s.  0d.,  an  increase  of 
£224  13s.  lid.  The  principal  items  contributing  to  this  increase  were: — 
The  presentation  to  Mr.  A.  C.  Kayll,  in  recognition  of  his  valuable 
services  in  connexion  with  the  Explosives  Committee,  £131  5s.  Od. ; 
contributions  to  The  Federated  Institution  of  Mining  Engineers,  on  the 
increased  number  of  members,  £22  3s.  lid. ;  and  further  costs  involved 
in  the  preparation  of  the  library  index,  £80  0s.  4d. 

The  period  for  which  the  investment  with  the  River  Tyne  Commis- 
sioners was  made  having  terminated  during  the  past  year,  the  sum  of 
£1,500  became  available  for  reinvestment,  to  which  were  added  certain 
sums  received  for  life-membership  subscriptions.  On  the  instructions  of 
the  Council,  the  sum  of  £1,400  was  advanced  to  the  Institute  and  Coal 
Trade  Chambers  Company,  Limited,  on  mortgage  at  3^  per  cent.,  and 
£450  was  expended  in  the  purchase  of  shares  in  the  same  company. 

T.  Douglas. 
August  1st,  1896.  J.  L.  Hedley. 
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OFFICERS. 

OFFICERS,     1896-97. 

PRESIDENT. 
Mr.  GEORGE  MAY,  The  Harton  Collieries,  South  Shields. 

VICE-PRESIDENTS. 
Mr.  W.  ARMSTRONG,  Pelaw  House,  Chester-le-Street. 
Mr.  T.  W.  BENSON,  11,  Newgate  Street,  Newcastle-upon-Tyne. 
Mr.  C.  BERKLEY,  Marley  Hill,  Swalwell,  R.S.O.,  Co.  Durham. 
Sir  WILLIAM  THOMAS  LEWIS,  Mardy,  Aberdare. 
Mr.  J.  G.  WEEKS,  Bedlington,  R.S.O.,  Northumberland. 
Mr.  W.  0.  WOOD,  South  Hetton,  Sunderland. 

COUNCIL. 
Mr.  HENRY  ARMSTRONG,  Chester-le-Street. 
Mr.  W.  ARMSTRONG,  Jun.,  Wingate,  Co.  Durham. 
Mr.  T.  W.  ASQUITH,  Harperley  Hall,  Tantobie,  R.S.O.,  Co.  Durham. 
Mr.  HENRY  AYTON,  122,  Rye  Hill,  Newcastle-upon-Tyne. 
Mr.  \V.  C.  BLACKETT,  Acorn  Close,  Sacriston,  Durham. 
Mr.  J.  R.  CRONE,  Tudhoe  House,  via  Spennymoor. 
Mr.  T.  E.  FORSTER,  3,  Eldon  Square,  Newcastle-upon-Tyne. 
Mr.  T.  Y.  GREENER,  West  Lodge,  Crook,  Darlington. 
Mr.  A.  C.  KAYLL,  Gosforth,  Newcastle-upon-Tyne. 
Mr.  C.  C.  LEACH,  Seghill  Colliery,  Northumberland. 
Mr.  J.  H.  MERIYALE,  Togston  Hall,  Acklington,  Northumberland. 
Mr.  J.  MORISON,  Cramlington  House,  Northumberland. 
Mr.  H.  PALMER,  Medomsley,  R.S.O.,  Co.  Durham. 
Mr.  M.  W.  PARRINGTON,  Wearmouth  Colliery,  Sunderland. 
Mr.  A.  M.  POTTER,  Aydon  Grange,  Corbridge-upon-Tyne. 
Mr.  R.  ROBINSON,  Howlish  Hall,  near  Bishop  Auckland. 
Mr.  T.  0.  ROBSON,  Chowdene  Cottage.  Low  Fell,  Gateshead -upon-Tyne. 
Mr.  R.  L.  WEEKS,  Willington,  Co.  Durham. 


Lord  ARMSTRONG,  C.B.,  LL.D.,  D.C.L.,  F.R.S.,  Cragside,  Rothbury. 

Mr.  LINDSAY  WOOD,  The  Hermitage,  Chester-le-Street. 

Mr.  G.  B.  FORSTER,  Farnley  Hill,  Corbridge-upon-Tyne. 

Mr.  JOHNDAGLISH,  Rothley  Lake,  Cambo,  R.S.O.,  Northumberland. 

Sir     LOWTHIAN    BELL,     Bart,,     D.C.L.,     F.R.S.,  Rounton    Grange, 

Northallerton. 
Mr.    WM.    COCHRANE,    St.   John's    Chambers,   Grainger  Street  West, 

Newcastle-upon-Tyne. 
Mr.  J.  B.  SIMPSON,  Bradley  Hall,  Wylam  -upon-Tyne. 
Mr.  A.  L.  STEAVENSON,  Durham. 
Mr.  T.  DOUGLAS,  The  Garth,  Darlington. 
Mr.  J.   L.  HEDLEY,  2,  Devonshire  Terrace,  Newcastle-upon-Tyne,  Retiring 

Vice-President. 

TREASURER. 
Mr.  REGINALD  GUTHRIE,  Neville  Hall,  Newcastle-upon-Tyne. 

SECRETARY. 
Mr.  M.  WALTON  BROWN,  Neville  Hall,  Newcastle-upon-Tyne. 
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AUGUST  1,  1896. 

PATRONS. 
His  Grace  the  DUKE  OF  NORTHUMBERLAND. 
The  Most  Noble  the  MARQUIS  OF  LONDONDERRY. 

The  Right  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  RAVENSWORTH. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq. 

BARON  BARNARD. 


HONORARY  MEMBERS. 

*  Honorary  Members  during  term  of  office  only. 

Date  of  Election. 

1  The  Right  Honourable  the  EARL  of  RAVENSWORTH,  Ravens- 
worth  Castle,  Gateshead-upon-Tyne       ...         ...         ...         ...  Nov.     3,  1S77 

2* J.  B.  ATKINSON,  H.M.  Inspector  of  Mines,  Glasgow Aug.     4,  1S88 

3*W.    N.    ATKINSON,   H.M.    Inspector     of    Mines,    Newcastle, 

Staffordshire  Aug.     4,  1888 

4*YV.   BEATTIE-SCOTT,  H.M.    Inspector  of  Mines,  Great  Barr, 

near  Birmingham     ...         ...         ...         ...         ...         ...         ...  Dec.    10,  18S7 

5*Prof.    P.    PHILLIPS   BEDSON,    Durham   College   of   Science, 

Newcastle-upon-Tyne         Feb.    10,  1S83 

6*Prof.   G.    S.  BRADY,  Durham   College  of  Science,  Newcastle- 
upon-Tyne     Nov.     G,  1S75 

7  Dr.    BRASSERT.    Berghauptmanu    in   Bonn,   Lennestrasse,  35, 

Bonn-am-Rhein,  Prussia Dec.     S,  1883 

8  JOSEPH  DICKINSON,  South  Bank,  Pendleton.  Manchester       ...  Dec.    13,1852 
0*C.  LE  NEVE  FOSTER,  H.M  Inspector  of  Mines,  Llandudno       ...  Aug.     4,1888 

10  Prof.  WILLIAM  GARNETT,  13,  Spring  Gardens,  London,  S.W.   Nov.  24,  1894 

11MOHN    GERRARD,     H.M.     Inspector     of     Mines,      Worsley, 

Manchester June  11,  1S92 

12*Rev.  H.  PALIN  GURNEY,  Principal,  Durham  College  of  Science, 

Newcastle-upon-Tyne         ...         ...         ...         ...         ...         ...    Jan.  19,  1895 

13*HENRY  HALL,  H.M.  Inspector  of  Mines,  Rainhill,  Lan- 
cashire   March  4,  1876 

14  J.    L.    HEDLEY,    H.M.     Inspector    of    Mines,    2,    Devonshire 

Terrace,  Newcastle-upon-Tyne     ...         ...         ...         ...         ...  April    9,  1S92 

15*Prof.  A.  S.  HERSCHEL,  Observatory  House,  Slough,  Bucks...  Aug.    3,  1872 

16*Pkof.  G.  A.  LEBOUR,  Durham  College  of  Science,  Newcastle- 
upon-Tyne     ...         ...         ...         ...         ...         ...         ...         ...  Nov.     1,  1S79 

17*J.    S.    MARTIN.    H.M.    Inspector   of  Mines.  The  Vikings,   16, 

Durdham  Park,  Bristol     Aug.     4,1888 

18MOSEPH  T.  ROBSON,   H.M.  Inspector  of  Mines,  Swansea       ...   Aug.     4,  188S 
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Date  of  Election. 
19*J.    M.    RONALDSON,    H.M.    Inspector   of   Mines,   44,    Athole 

Gardens,  Glasgow   ...         ...         ...         ...         ...         ..  ...  Aug.  4,  1838 

20*A.  H.  STOKES,  H.M.  Inspector  of  Mines,  Greenhill,  Derby       ...  Aug.  4,  1888 
21*Prof.  H.  STROUD,  Durham  College  of  Science,  Newcastle-upon- 
Tyne  Nov.  5,  1892 

22  M.  E.  YUILLEMIN,  Mines  d'Auiche,  Nord,  France        Sept.  7,  1S78 

23*FRANK   N.    WARDELL,    H.M.  Inspector    of   Mines,    Wath- 

upon-Dearne,  near  Rotherhain     ...         ...         ...         ...         ...  Feb.  4,  1S65 


MEMBERS. 

Marked  "  have  paid  life  composition. 

1  Abraham,  David,  Pencoedcae,  Merthyr  Tydvil      

2  Abukrow,  Charles,  P.O.  Box  534,  Johannesburg,  Transvaal 

3  Ackroyd,  Wm.,  Morley  Main  Collieries,  Morley,  near  Leeds 

4  Adamson,  Thos.,  E.l.R.  Collieries,  Giridih,  Bengal,  India 

5  Agabeg,  Frank  J.,  Apcar  and  Co. 's  Collieries,  Sitarampore, 

India    ... 

6  Agassiz,  Alexander,   Museum   of   Comparative  Zoology, 

Cambridge,  Massachussets,  U.S.A. 

7  Ainsworth,  J.  W.,  Bridgewater  Trustees  Colliery,  Walk- 

den,  Bolton,  Lancashire 

8  Aitkin,  Henry,  Falkirk,  N.B 

9  Allan,  C.  J.  G.,  Electric  House,  West  Calder,  N.B. 

10  Allan,  John  F. ,  Apartado  de  Correo,  No.  121,  Mexico,  D.F., 

11  Allan,  T.   Alexander,  c/o  Messrs.  Gibbs,  Bright,  and  Co., 

Melbourne,  Australia 

12  Allchurch,  Enrique,  Calle  Las  Heras  289,  Buenos  Aires, 

Argentine  Republic  ... 

13  Allison,   J.    J.    C. ,    Woodland    Collieries,    Butterknowle, 

R.S.O.,  Co.  Durham  

14  Andersen,  Carl,  Mogollon,  New  Mexico,  U.S.A.  ... 

15  Anderson,  C.  W.,  Cleadon  Park,  Sunderland 

16  Anderson,  R.  Hay.  13,  San  Juan  de  Letran,  Mexico,  D.F. 

17  Anderson,  R.  S.,  Elswick  Colliei-y,  Newcastle-upon-Tyne... 


18  Angove,  W.  H.,  Albany,  Western  Australia  

19  Angus,  James,  Radcliffe,  Acklington,  Northumberland     ... 
20*Angwin,  B.,  P.O.  Box  231,  Johannesburg,  Transvaal 

21  Appleby,   W.  R,,    911,   Fifth   Street,   S.E.,    Minneapolis, 

Minn.,  U.S.A 

22  Archer,  T.,  6,  Park  Terrace,  Gateshead-upon-Tyne 

23  Archer,  William,  Victoria  Garesfield,  Lintz  Green 

24  Argall,  Philip,  P.O.  Box  1095,  Denver,  Colorado,  U.S.A. 

25  Armstrong,   Lord,  C.B.,  LL.D.,  D.C  L.,  Cragside,  Roth- 

bury  (Past-President.  Member  of  Council)       

26  Armstrong.  Henry,  Chester-le-Street  (Member  of  Council ) 


Date  of  Election 
and  of  Transfer. 

June    8,  1895 

Feb.    13,  1892 

Feb.     7,  1S80 

Feb.   10,  1894 

Dec.     9,  1893 

Feb.    9,  1895 

Dec.  14,  1895 

March  2, 1865 

Aug.    3,  1895 

A.M. 

Feb.   10,  1883 

M. 

June    8,  1889 

Feb.    11,  1893 

June  8, 1895 

A.M. 

Feb     13,  18S6 

M. 

June    8,  1SS9 

Oct.    12,  1895 

Aug.  21,  1S52 

Aug.    4,  1894 

S. 

June    9,  1883 

A.M. 

Aug.    4,  1888 

M. 

Aug.    3,  1889 

Oct.    13,  1894 

Oct.      8,  1892 

Nov.  24,  1894 

A. 

April  14,  1894 
July     2,  1S72 
Aug.    6,  1892 

M. 

Aug.    3,  1895 

June  21,  1S94 

May     3,  1866 

A.M. 
M. 

,  April  14,  18S3 
June     S,  1889 
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27  Armstrong.    Wm.,    Pelaw  House.  Chester-le-Street  (Vice- 

Prbsident,  Mem  her  of  Council)     

28  Armstrong,   W.,  .Tun,  Wingate,  Co.  Durham  (Member  of      S. 

Council )  ...         ••  ■••         •■■         •••      ^1 

29  Armstrong,  W.  J.  

30  Arnold,  T.,  Castle  Hill,  Greenfields,  Llauelly         A.M. 

M. 
SI   ASHCBOPTj  E.  A.,  Willyama  Works,  Globe  Works,  Grays, 

Essex    ...         

32  Ashcroft,  Harry,  Borrea  Coal  C<  mpany,  Limited,  Seeta- 

rampore,  Bengal,  India 
3.3  Asqi-ith,    T.   W.,  Harperley  Hall,    Tantobie,   R.S.O.,  Co. 

Durham  (Member  of  Council)        

34  Atkinson,  Claude  W.,  Messrs.  S.  Z.  de  Ferranti,  Limited, 

Hollinwood     ...  ...         •••         ...         

35  Atkinson,  L.  B. ,   10,   Westbourne  Road,  Penarth,   South 

Wales    ... 
3(3  Atterbury,  B.  J  ,  141,  Copthall  House,  Copthall  Avenue, 

London,  E.C.  ... 

37  Aubrey,  R.  C,  61,  Bath  Street,  Southport 

3S  Austin,   W.   Lawrence    P.O.  Box  941,  Denver,  Colorado, 

U.S.A 

39  Ayton,  Ernest  F.,  El  Bote  Mining  Negociacion,  Zacatecas, 

Republic  of  Mexico  

40  Ayton,  Henry.  122,  Rye  Hill,  Newcastle-upon-Tyne  (Mem-       S 


her  fij  Council) 


A.M. 
M 


Date  of  Election 
and  of  Transfer. 


Aug.  21,  1852 
April  7.  1867 
Aug  6,  1S70 
Oct.  12,  1895 
Oct.  2,  1880 
June    S,  1889 

Aug.  3.  1895 

Aug.  4,  1894 

Feb.  2    1S67 

Aug.  6,  1892 

Aug.  6,  1892 

Jan.  19,  1895 
Feb.     5,  1870 

June  21,  1894 

Aug.  1,  1891 
March  6,  1S75 
Aug.  2,  1S84 
June   8,  1S89 


41  Bailes,  E.  T.,  Wingate,  Ferryhill        

42  Bailes,  T.,  Jesmond  Gardens,  Newcastle-upon-Tyne 

43  Bailey,  Samuel,  30,  Waterloo  Street,  Birmingham 

44  Bain.  R.  Donald,  85,  Pembroke  Road,  Clifton,  Bristol     ... 

45  Bainbridge,  E.,  Nunnery  Colliery  Offices,  Sheffield 

46  Banks,  Thomas,  29,  The  Park,  Eccles,  near  Manchester   ... 

47  Barker.  M.   W.,  P.O.  Box  1463,  Johannesburg,  Transvaal 

48  Barrett,  C.  R.,  Whitehill  Hall,  Chester-le-Street 


A.M. 
M. 


S. 
M. 
S. 

M. 


S. 

A.M. 

M. 


49*Bartholomew,  C.  W.,  Blakesley  Hall,  Towcester 

50  Bates,  Sidney,  Mickley  Colliery  Offices,  Stocksfield-upon-      A. 

Tyne     M. 

51  Bate-,  Thomas,  The  Grange,  Prudhoe-upon-Tyne 

52  Batey.  John,  Newbury  Collieries,  Coleford,  Bath 

53  Baumgabtneb,  W.  0.,  Whitburn,  near  Sunderland  ...         S. 

M. 

54  Bayldon,    Daniel   Hy.,    c/o   New   Zealand   Mines   Trust, 

Limited,  Auckland,  New  Zealand 

55  Beanlands,  Arthur,  Palace  Green,  Durham  


June  7, 

June  8, 

Oct.  7, 

June  2, 
March  1, 

Aug.  5, 

Dec.  3, 

Aug.  1 , 

Aug.  4, 

April  8, 

Nov.  7, 

Aug.  7, 

Dec.  11, 

Dec.  4, 

Feb.  8, 

June  S, 

Feb.  9, 

Dec.  5, 

Sept.  6, 

Aug.  3, 


1879 
1SS9 
1858 
1S59 
1873 
1876 
1863 
1868 
1877 
1893 
1S74 
1880 
1886 
1875 
1S90 
1895 
1S95 
186S 
1879 
1S89 


Feb.     S,  1S90 
March  7,  1867 
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Date  of  Election 
and  of  Transfer. 

56  Bell,  Sir  Lowthian,  Bart.,  Rounton  Grange,  Northallerton 

( Past-President,  Member  of  Council)     July    6,1854 

57  Bell,  Geo.  F.,  H.M.  Inspector  of  Mines,  30,  Eldon  Street,        S.  Sept.    6,  1879 

Newcastle-upon-Tyne  A.M.  Aug.    6,  1887 

M.  Aug.    3,  1889 

58  Bell,  R.  G.,  42,  Burdon  Terrace,  Newcastle-upon-Tyne    ...  April  14,  1S94 

59  Bell,  Walter,  Ashington  Colliery,  Morpeth  S.Oct.     8,  18S9 

M.  Feb.  10,  1894 

60  Bellingham,  George,  Bayley  Street,  Coolgardie,  Western 

Australia         Nov.  24,  1894 

61  Bennett.  Alfred  H.,  Dean  Lane  Collieries,  Bedminster,  A.M.  April  10,  1886 

Bristol M.June    8,1889 

62  Benson,  J.  G.,  12,  Grey  Street,  Newcastle-upon-Tyne       ...  Nov.    7,  1874 

63  Benson,  T.  W.,  11,  Newgate  Street,  Newcastle-upon-Tyne 

(Vice-President,  Member  of  Council) Aug.    2,1866 

64  Berkley,    C,   Marley   Hill,   Swalwell,    R.S.O.,    Co.    Dur- 

ham (Vice-President,  Member  of  Council)        

65  Berkley,  Frederick,  Lumley  Thicks,  Fence  Houses 

66  Berkley,    E.    W.,    Marley   Hill,   Swalwell,    R.S.O.,    Co. 

Durham 

67  Bewick,   T.    J.,   Broad  Street  House,  Old   Broad   Street, 

London,  E.C. 

68  Beynon.  J    C.  S.,  P.O.  Box  1364,  Johannesburg,  Transvaal 

69  Bibby,    Y\m.,    Raub   Australian    Gold    Mining    Company, 

Limited,  Raub,  Pahang,  Malay  Peninsula 

70  Bigg- Wither,  Harris,  10,  Swinley  Road,  Wigan,  Lancashire 

71  Bigland,  J.,  Henknowle,  Bishop  Auckland   ... 

72  Bilgrami,   Syed  Ali  Shamsul  Ulama,  Director-General  of 

Mines,  Hyderabad,  Deccan,  India 

73  Bishop,  James,   Grey  Valley  Coal  Co.,  Brunnerton,  Grey- 

mouth,  New  Zealand 

74  Bitzos,  N.  J 

75  Black,  W.,  1,  Lovaine  Place,  Newcastle-upon-Tyne 

76  Blackburn,  Wm.  Stevenson,  Aire  Villas,  Astley,  Woodles- 

ford,  near  Leeds 

77  Blackett,  W.  C,  Acorn  Close,  Saci-iston,  Durham  (Mem- 

ber of  Council) 

7S  Blakeley,   A.   B.,  Soothill  Wood  Colliery  Co.,  Ltd.,  near 

Batley 

79  Blakemore,  W.,  Glace  Bay,  Cape  Breton,  Canada... 

50  Bolam,  Philip,  North  Walbottle  Colliery,  Newcastle-upon-       A.  Dec.   12,  1891 

Tyne M.  Aug.     3,  1895 

51  Bolton,    Edgar   Ormerod,   Executor  of  Col.  Hargreaves, 

Colliery  Offices,  Burnley      April  12,  1890 

82  Bolton,  H.  H.,  Newchurch  Collieries,  near  Manchester    ...  Dec.     5,  1868 

83  Boole,  George,  Rainford,  nearest.  Helens,  Lancashire      ...  Jan.    19,  1895 


Aug.  21, 

1852 

A.M.  Dec.  9, 

1882 

M.  June  S, 

1889 

S.  Feb.  14, 

1874 

A.M.  Aug.  7, 

1880 

M.  June  8, 

1889 

April  5, 

1860 

June  10, 

1893 

Jan.  19, 

1895 

Jan.  19, 

1895 

June  3, 

1857 

April  11, 

1891 

April  13, 

1889 

S.  Feb.  14, 

1891 

M.  April  14, 

1894 

April  2, 

1870 

Dec.  10, 

1887 

S.  Nov.  4, 

1876 

A.M.  Aug.  1, 

1885 

M.  June  8, 

1889 

S.  Feb.  15, 

1S79 

M.  Aug.  3, 

1889 

Oct.  12, 

1895 

LIST    OF    MEMBERS. 


Date  of  Election 
and  of  Transfer 


84  Bosl  \sk.  W.  H..  Brown  How,  Ulleswater,  Glenridding,  near 

Penrith ...  Ang.     4,  1894 

85  Boucher,  A.  S.,  Kempsey  House,  near  Worcester  ...         ...  Aug.    4,  1S83 

56  Bowler,  Lotjis  1'.,  P  0.  Box  105,  Barberton,  South  Africa  Dec.   14,  1895 

57  Bradford,  Geo.,  Norton  Palms,  Darlington  Oct.    11,  1S90 

89  Bramwell,  Hugh,  Great  Western  Colliery,  near  Pontypridd,        S.  Oct.     4,  1879 

Glamorganshire  A.M.  Aug.    6,  1887 

M.  Aug.    3,  1889 

89  Breakeli.,  Thomas,  Brassington,  near  Derby  Feb.    11,  1893 

90  Breckon,  J.  R.,  53,  John  Street,  Sunderland  Sept.    3,  1864 

91  Britten,  T.  J.,    P.O.   Box    494,  Johannesburg,  Transvaal  June  21,  1894 

92  Broja,  Richard,  Geheimer  Bergrath,  77,  Kaiser- Wilhelm- 

strasse,  Breslau,  Germany  ...         ...         ...         ...         ...  Nov.    6,  1SS0 

93  Bromly,  A.  H.,  c/o  Thomas  Hammond,   Stairwell  Street, 

Colchester        Nov.  24,  1894 

94*Brough,  Bennett  H,  28,  Victoria  Street,  London,  S.W.  ...  A.M.  Dec.   10,  1887 

M.  June    8,  1SS9 

95  Brough,  Thomas,  New  Seahani  Colliery,  Sunderland         ...        S.  Feb.     1,  1873 

A.M.  Aug.    2,  1879 
M.  June    8,  1889 

96  Brown,  Archibald  T.,  372,  Flinders  Lane,  Melbourne      ...  Aug.    5>  1893 

97  Brown,  M.  Walton,  5,  Lambton  Road,  Newcastle-upon-        S.  Oct.      7,  1S71 

Tyne  (Secretary,  Member  of  Council) M.Aug.    3,1878 

98  Brown,    Thomas.    District   Manager,    Westport   Coal  Co., 

Millerton,  Westport,  New  Zealand  April  13,  18S9 

99  Brown,  Thos.  Forster,  Guildhall  Chambers,  Cardiff         ...  Aug.     1,  1861 

100  Brown,    Westgarth  Forster,    Fairview,    Dynas   Ponzo,        S.  Aug.    6,  1887 

near  Cardiff M.Aug.    5,1893 

101  Browne,    R.    J.,    Barakar,    East   India   Railway,    Bengal, 

India Oct,      8,  1892 

102  Bruce,  John,  Port  Mulgrave,  Hinderwell,  R.S.O.,  Yorkshire        S.  Feb.   14,  1S74 

A.M.  Aug.    7,  1880 
M.  June    8,  1889 

103  Bryham,  W.,  Douglas  Bank  Collieries,  Wigan         Aug.    3,  1865 

104  Buglass,  J.,  Stobswood,  via  Acklington,  Northumberland       A.  Dec.    10.  1892 

M.  Aug.     3,  1S95 

105  Btjlkley,  F.  Groendycke,  Denver,  Colorado,  U.S.A.        ...  Oct.    12,  1895 

106  Bclmax,  E.  H.  P.O.  Box 96,  Klerksdorp,  South  Africa    ...  Feb.    13,  1892 

107  BrLMAN,   H.   F.,  Byer  Moor,  Burnopfield,  near  Newcastle-        S.  May     2,  1874 

upon-Tyne       A.M.  Aug.    6,  1881 

M.  June    8, 18S9 

10S  Buxkell,  Henry  B.,  P.O.  Box  1463,  Johannesburg,  Trans- 
vaal         April    S,  1893 

109  Bunnixg,   C.   Z.,   c/o  The   Borax   Co.,    Limited,   2,   Macri        S.  Dec.     6,  1873 

Khan,  Constantinople  A.M.  Aug.    5,  1882 

M.  Oct.     8,  1887 

110*Burls,  Herbert  T.,  Southdene,  Sydenham,  London,  S.E. ... 

111*Burn,   Frank    H,    West  Cliff,  Gosforth,  Newcastle-upon- 
Tyne     

112  Burn,  James,  28,  Fawcett  Street,  Sunderland  


Feb. 

9, 

18S9 

s. 

Feb. 

9, 

1889 

A. 

Aug. 

4, 

1894 

M. 

Aug. 

3, 

1895 

Dec. 

13, 

1890 
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113  Burnett,  Cuthbert,  Fallowfield  House,  South  Hetton 
114*Burns,  David,  Scotland  Road,  Stanwix,  Carlisle     ... 

115  Burrows,  J.  S.,  Green  Hall,  Atherton,  near  Manchester  ... 

116  Butters,  Charles,  P.O.  Box  1891,  Johannesburg,  Transvaal 


Date  of  Election 
and  of  Transfer. 

June    8,  1S95 

May     5,  1877 

S.  Oct.    11,  1S73 

M.  Aug.    4,  1877 

Feb.   10,  1894 


117  Cameron,  Ian,  Sudbury,  Ontario,  Canada 

118  Campbell,  H.  H.,  Sutton  Hall,  St.  Helens,  Lancashire 

119  Campbell,    W.    Young,    P.O.    Box    357,    Johannesburg, 

Transvaal         ...         ...         

120  Campbell- Johnston,  R.  C,  P.O.  Box  40,  Vancouver,  British 

Columbia 
121*Candler,  T.  E.,  East  Lodge,  Crook,  via  Darlington 


122  Carnes,    Charles    Spearman,   Cornwall    House,    Murton 

Colliery,  Sunderland 

123  Carr,  T.,  Lilywhite  Terrace,  Four  Lane  Ends,  Hetton-le- 

Hole,  R.S.O.,  Co.  Durham 

124  Carrall,  J.  Wilcocks,  Acting  Commissioner  of  the  Amoy 

Customs,  Amoy,  China 

125  Chalmers,  J.  A 

126  Chambers,  A.  M.,  Thorncliffe  Iron  Works,  near  Sheffield... 

127  Channing,   J.    Parke,  34,   Park  Place,  New  York  City, 

U.S.A 

12S  Chapman,    Alfred    Crawhall,    29,    St.   Nicholas'   Build- 
ings. Newcastle-upon-Tyne... 

129  Chapman,  H.  R.,  Victoria  Works,  Gateshead-upon-Tyne  ... 

130  Charleton,  A.  G,  5,  Avonmore  Road,  Kensington,  London, 

W 

131  Charlton,  Wm.,  Linares,  Provincia  de  Jaen,  Spain 

132  Chater,  Joseph,  Bengal  Nagpur  Coal  Co.,  Limited,  Evelyn 

Lodge,  Kumarpur,  Asansol,  Bengal,  India 

133  Cheesman,  E.  Taylor, Shire  Moor  Colliery,  Northumberland 

134  Cheesman,  Herbert,  Hartlepool 

135  Cheesman,  I.  T.,  Throckley  Colliery,  Newcastle-upon-Tyne 

136  Cheesman,  W.  T.,  Hartlepool 

137  Chicken,  Lancelot  W. ,  Boldon  Colliery,  Co.  Durham 

138  Childe,  Henry  S.,  Mining  Engineer,  Wakefield      

139  Clark,  C.  F.,  Garswood  Coal  and  Iron  Co.,  Ltd.,  near  Wigan 

140  Clark,  Robert,   Singareni  Collieries,   Hyderabad  Deccan 

Co.,  Ltd.,  Secunderabad,  India 

141  Clark,  R.  B.,  Springwell  Colliery,  Gateshead-upon-Tyne  ... 

142  Claudet,  Arthur  C,  6  and  7,  Coleman  Street,  London, 

E.C 

143  Clifford,  Wm.,  Pittsburg,  Pennsylvania,  U.S.A 

144  Clough,  James,  Bomarsund  House,  Bomarsund,  Bedlington, 

R.S.O 
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H.i  Cochrane,  B.    Aldin  Grange,  Durham  Dec.     6,  1S66 

146  Cochrane,  C. ,  Green  Royde,  Pedmore,  near  Stourbridge    ...  June     3,  1S57 

147  Cochrane,     W.,    St.    John's    Chambers.    Grainger     Street 

West.  Newcastle-upon-Tyne  (Past-President,  Member 

of  Council)      Aug.     1,  1861 

14S  Cockson,  Charles,  Ince  Coal  and  Cannel  Co.,  Ince,  Wigan  A.M.  April 22,  18S2 

M.   Aug.    3,  1889 

149  Coghlan,  F.  M.,  Catorce,  S.L. P.,  Mexico     Dec.      9,1893 

150  Collins.  Arthur  Lauxcelot.  14  &  15,  Broad  Street  Avenue. 

London,  E.C Feb.    13,  1S92 

151  Collins,  Horatio,  P.O.  Box  735,  Johannesburg,  Transvaal  Aug.    4,  1894 
152*C0LLINS,  H.  B.,  Garscaddin,  by  New  Kilpatrick,  Dumbar- 
tonshire             April  14,  1894 

153  Colqtjhotjx,  T.,  36,  Sidney  Grove,  Newcastle-upon-Tyne   .  Dec.  14,  1889 

154  Commans,  R.  E.,  6,  Queen  Street  Place,  London,  E.C.       ...  Nov.  24,  1894 

155  Cook,  J..  Washington  Iron  Works,  Washington.  Co.  Durham  May  8,  1869 

156  Cook,  J.  Watson,  Greenfield  House,  Crook Oct.  14,  1S93 

157  CoRBETT,  V.   W  .  Chilton  Moor.  Fence  Houses         Sept  3,  1870 

158  Corbitt,  M Dec.  4,  1875 

159  Corbould,  W.  H.,  The  Hannans  Reward  Gold  Mining  Co., 

Ltd.,  Hannan's  Hill,  Kalgoorlie,  Western  Australia    ...  June    8,1895 

160  Cork,  F.  Lawrence,  Bengal  Nagpur  Coal  Company,  Limited, 

Barrakur,  Bengal,  East  India         ...         

161  Corlett,  George  Stephen,  Wigan       

162  Coulson,  F.,  10,  Victoria  Terrace.  Durham 

163  Coulthard.   Francisco,   Minas    del    Penoncillo,  Marbella. 

Provincia  de  Malaga,  Spain 

164  Cox,  John  H.,  10,  St.  George's  Square,  Sunderland 

165  Craven,  Hiram,  Jun.,  Mechanical  Engineer,  Sunderland  ... 

166  Crighton,  John,  Union  Iron  Works,  Stewart  Street,  Stock- 

port       , 

167  Crone,  E.  W.,  Killingworth,  near  Newcastle-upon-Tyne    ... 

168  Crone,  J.  R.,  Tudhoe  House,  via  Spennymoor  (Member  of 

Council)  Feb.     1,  1868 

169  Crookston,  Andrew  White,  19,  Wellington  Street,  Glas- 

gow         Dec.    14,  1S95 

170  Cross,  John,  77,  King  Street,  Manchester     June    5,1869 

171  Croudace,  C.  J.,  Bettisfield  Colliery  Co.,  Limited,  Bagillt, 

North  Wales Nov.    2,1872 

172  Croudace,   Frank,   The  Scottish  Australian  Mining  Co., 

Ltd.,  Lambton,  Newcastle,  New  South  Wales Aug.    3,  1895 

173  Croudace,  T.,  West  House,  Haltwbistle       Dec.     9,1893 

174  Croudace,  Thomas,  Lambton  Lodge,  Lambton,  Newcastle, 

New  South  Wales Nov.     6,  1S62 

175  Currie,    Walter,    P.O.    Box   220,    Buluwayo,   Rhodesia, 

South  Africa ...  April  25,  1896 

176  Currv,   W.  Tiios.,  Went  wood,  near  Caerleon,  Monmouth-        S.  Sept.    4,  1S80 

shire      A.M.  Aug.    7,  1886 

M.  Aug.    3,  1889 
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177  Dacres,  Thomas.  Rietz  Street,  Kimberley,  South  Africa   ...  May     4,  1878 

178  Daglish,  Johx,   Rothley  Lake,  Cambo,  R.S.O.,  Northum- 

berland (Past-Presidext,  Member  of  Council)  ...         ...  Aug.  21,  1852 

179  Dakers,  W.  R.,  The  Loggins,  Tudhoe  Colliery,  via  Spenny-  A.M.  Oct.    14,  1882 

moor,  Durham 

180  Dale,  Sir  David.  Bart..  West  Lodge.  Darlington     ... 

181  Dan,  Taktjma,  c/o  Mitsui  Mining  Company,  No.  4  Suruga- 

cho,  Nihonbashi-Ku,  Tokio.  Japan 

182  Daniel,  Peter  Francis,  Greymouth,  New  Zealand 

183  Darby,  G.  M.,Katras  Kerria  Coal  Company,  Limited,  Katras 

P.O.,  via  Burrakur,  India   ... 

184  Darby,  J.  EL,  Pen  y  Garth,  Bryinbo,  Denbighshire 

1S5  Darling.  FenwicK,  South  Durham  Colliery.  Darlington     ... 

186  Darlington.  James.  Black  Park  Colliery.  Ruabon,  North 

Wales 

187  Davey,  George,   111,  Windmill  Street,  Gravesend... 

188  Davey.  Hy.,  3,  Princes  Street,  Westminster.  London.  S.W. 

189  Da  vies,  Lt.  Col.  Jasper  G.  S..  Marton,  Middlesbrough 

190  Da  vies.  John.  Hartley  House.  Coundon.  Bishop  Auckland... 

191  Davies.  J.  Hubert.  P.O.  Box  455.  Johannesburg.  Transvaal 

192  Davis.  Kenneth.  Dudley  Colliery.  Northumberland 

193  Davison,  J.  Ford,  Yarlside,  Dalton-in-Furness        

194  Daw,    John,    Jun.,    Brooklands,    Rosemont    Road,    Acton, 

London,  W.     ... 

195  Dees,  J.  Gibson,  Flora ville.  Whitehaven        

196  Dees,  R.  R.,  Newcastle-upon-T}Tne 

197  Delprat,  G.  D.,  Campanas  No.  15,  Cordoba,  Spain 

198  Denny,    G.    A.,   Klerksdorp  Proprietary   Mines,    Limited, 

Klerksdorp,  S.A.R.     ..  ..         

199  Dickinson,  Arthur,  Warham  Road,  South  Croydon,  Surrey 

200  Dixon,  D.  W.,  Lumpsey  Mines.  Brotton.  Saltburn-by-the-Sea 
201*Dixon,  James  S..  Fairleigh,  Bothwell,  N.B 

202  Dixox,  Jonathan,  Maitland  Street,  Stockton,  via  Newcastle, 

New  South  Wales      Oct.    13,1894 

203  Dixox,  R.,  4,  Tynevale  Terrace.  Gateshead-upon-Tyne       ...  June    5,  1S75 
■204  Dobb,  T.  G.,  Derby  Terrace,  Hiudley,  near  Wigan,  Lancashire             Dec.     8,1894 

205  Dobbs,  Joseph,  Jarrow  Colliery,  Castle  Comer,  Co.  Kilkenny  April  14,  1894 

206  Dodd,  B. ,  Bearpark  Colliery,  near  Durham S.May     3,1866 

M.  Aug.     1,  1S6S 

207  Dodd,  M.,  Burncroft,  Hexham S.Dec.     4,1875 

A.M.  Aug.     7,  1880 
M.  June    8,  1889 

208  Dodd,  Thos.  Robt.,  P.O.  Box  818,  Johannesburg,  Transvaal  June  13,  1S96 
209*Doxkix,  W..  c/o  A.  M.  Appleton,  West  End,  Sedgefield     ...        S.  Sept.    2,  1S76 

A.M.  Aug.     1,  1S85 

M   June    8,  1889 

210*Douglas.  C.  P.,  Thornbeck  Hill,  Carmel  Boad.  Darlington  March 6,  1869 

211  Douglas.  John,  4,  Brandling  Terrace,  Felling,  R.S.O..  Co.  A.M.  April 22,  1882 

Durham  M.  Aug.     3,  1889 

212  Douglas,  M.  H.,   Usworth   Colliery.  Washington,   R.S.O..  A.M.  Aug.     2,  1S79 

Co.  Durham M.  Aug.    3,  1889 
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213  Douglas,    T..    The    Garth.    Darlington    (Past-President. 

Member  of  Council) Aug.  21,  1852 

214  Dowdeswell,  H..  Butterknowle  Colliery,  via  Darlington   ...         S.  April  5,  1873 

M.  Aug.    7,  1875 

215  Doyle,  Patrick.  Indian  Engineering,  19.  Lall  Bazar.  Gal-  A.M.  March  1,  1S79 

eurta.  India M.Aug.     3,1889 

216  Draper,  David,  Box  460,  Johannesburg,  Z.A.R Feb.    15,  1S96 

217  Dudley,  Uriah,  P.O.  Box  110,  Broken  Hill,  New  South  Wales  April  14,  1S94 

218  Dcmat,  Alfred,   1,  Loop  Street,   Pietermaritzburg,  Natal  April   8,  1S93 

219  Dyson,  T.  Lxgleby,  Mount  Morgan,  Queensland      Feb.     9,  1S95 

220  Eastlake,  Arthur  W.,  Balham   London       June  11,  1S92 

221  Eck,  Richard,  Fairsted,  Thorold  Road,  Ilford,  Essex       ...  Aug.     5,  1S93 

222  Edex,  C.  H.,  co  Messrs   Vivian  and  Sons.  Swansea  ...  June  14,  1890 

223  Edge.  J.  H.,  Coalport  Wire  Rope  and  Chain  Works,  Shifnal.  A.M.  Sept.    7,  1878 

Salop M.  Aug.    3,  1S89 

224  Edwards,  Edward,  Maindy  Pit,  Ocean  Coal  Company,  Ton 

Pentre,  South  Wales 

225  Ellis.  W.  R  ,  Wigan       

226  Elsdox,  Robert,  The  Highlands.  Burnt  Ash  Hill.  Lee,  Kent 

227  Elwex.  Thomas  Lee.  Littleburn  Colliery,  near  Durham     ... 

228  Embletox,  H.  O.  Central  Bank  Chambers.  Leeds    

229  Embletox.  T.  YV.,  The  Cedars.  Methley.  Leeds         

230  Eminsox.  J.  B. .  Londonderry  Offices.  Seaham  Harbour 

231  Eptox,  W.  Martix,  P.O.  Box  737,  Johannesburg,  Transvaal 

232  Etherixgtox,  J.,  39a,  King  William  Street,  London  Bridge, 
•       London,  E.C.  ..  

233  Evans,  Lewis,  P.O.  Box  2691,  Johannesburg,  Transvaal   ... 

234  Eyerard.  J.  B. ,  6,  Millstone  Lane,  Leicester 

235  Fairley.  James.  Craghead  and  Holmside  Colliery,  Chester-  A.M.  Aug.    7,  1880 

le-Street  M.  Aug.     3,  1889 

236  Faragher,    Louis.    Cape    Copper    Co..    Limited.    Ookiep. 

Namaqualand,  South  Africa  ...         ...         ...         ...  April    8,  1893 

237  Fakmei:.  A..  Seaton  Carew,  near  West  Hartlepool March  2,  1872 

238*Fexwick,    Barxabas,  84.  Osborne  Road.   Xewcastle-upon- 

Tyne Aug.    2,  1S66 

239  Ferexs.  Frederick  J..  Silksworth  Colliery.  Sunderland    ...        S.Dec.     4,  1SS0 

A.M.  Aug.    4,  1888 
M.  Aug.    3,  1889 

240  Ferexs,  F.  S.,  13,  Railway  Arches,  Westgate  Road,  New- 

castle-upon-Tyne          ...  Oct.    14,  1893 

241  Fergie,  Chas.,  Drummond  Colliery,  Westville,  Nova  Scotia  Dec.     9,  1893 

242  Ferguson,  I).,  c/o  James  Ferguson,  115,  Buccleuch  Street,  A.M.  Dec.     8,  18S3 

Glasgow  M.Aug.    3,1889 

243  Figari,  Alberto,  Apartado,  N.  255,  Lima,  Peru     April  25,  1896 

244  Fisher.   Ed.    R.,   Nant  Glas.  Cross  Hands,  near  Llanelly,  A.M.  Aug.     2,  18S4 

South  Wales M.Aug.     3,  1S89 

245  Fisiiwick.  1L.  Binchester  Colliery,  Co.  Durham         Aug.     (!.  1S92 
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246  Fleming,  C.  E.,  Black,  Hawthorn,  and  Co.,  Gateshead-upon- 

Tyne Aprill3,  1889 

247  Fletcher,  James,  Whickham  and  Bullock  Island  Coal  Co., 

Limited,  Carrington,  New  South  Wales  ...         ...         ...  Dec.      9,  1893 

248  Fletcher,  Lancelot,  Brigham  Hall,  Carlisle  A.M.  April  14,  188S 

M.  June    8,  1889 
249*Fletcher,  Walter,  The  Hollins,  Bolton,  Lancashire        ...  Dec.    14,  1895 

250  Flint,  John,  Broomhill  Colliery,  Acklington,  Northumber- 

land   Jan.    19,  1895 

251  Foggin,   W.,   12,   Devonshire   Place,   Jesmond,    Newcastle- 

upon-Tyne       ...         ...         ...         ...         ...         ...         ...  March  6,  1 875 

252  Ford,  Mark,  Sherburn  Colliery,  near  Durham        Aug.    3,  1895 

253  Ford,  Stanley  H.,  P.O.  Box  2056,  Johannesburg,  Transvaal  June  10,  1893 

254  Forrest.  J.  C. ,  Holly  Bank  Coll. ,  Essington.  Wolverhampton  April  12,  1884 

255  Forster,  G.  B.,  Farnley  Hill.  Corbridge-upon-Tyne  (Past- 

President,  Member  of  Council) Feb.     5,  1S57 

256  Forster,  J.  R.,  Water  Company's  Office,  Newcastle-upon- 

Tyne     

257  Forster,  Thomas  E.,  3,  Eldon  Square,  Newcastle-upon-Tyne 

( Member  of  Council ) 

258  Fowler,    R.,    Washington   Colliery,    Washington   Station, 

R.S.O.,  Co.  Durham 

259  Frecheville,     William,    Claremont,    Nutfield,    Redhill, 

Surrey  ... 

260  Frossard,   J.   D.,  c/o  Messrs.   Fry,   Everitt,  and   Co.,   7, 

Cambrian  Place,  Swansea    ... 

261  Fryar,  Mark,  Denby  Colliery,  Derby  


262  Galloway.  T.  Lindsay,  Argyll  Colliery,  Campbeltown,  N.B. 

263  Galloway,  Wm.,  Cardiff  

264  Gallwey,  Arthur  P.,  P.O.  Box  138,  Johannesburg,  Z.A.R. 

265  Gardiner,  E.  T.,  8,  South  View  Terrace,  Bishop  Auckland 

266  Geddes,  George  H.,  142,  Princes  Street,  Edinburgh 

267  Gerrard,  James.  11,  Meek  Buildings,  Wigan  


268  Gerrard,  John,  Worsley,  Manchester  

269  Gifford,   G.   Graves,   Chancery  Chambers,   Hunt  Street, 

Coolgardie,  Western  Australia       Feb.     9,1895 

270  Gifford,  Henry  J.,  Minas  de  Passagem,  Ouro  Preto,  Brazil  Oct.    14,  1893 

271  Gilchrist.  J.  R.,   Garesfield  Colliery.  Lintz  Green.  New-        S.  Feb.     3,  1877 

castle-upon-Tyne       A.M.  Aug.     1,  18S5 

M.  June    8,  1889 

272  Gillett,  Leonard  F.,  163,  Osmaston  Road,  Derby  ...  June  14,  1890 

273  Gillman,  Fritz,  Gartenstrasse,  1,  Freiburg  im/B.,  Baden,  A.M.  Dec.     8,  1894 

Germany  M-  June    S>  1S95 
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274  Gileoy,  S.  B.,  Markham  Collieries.  Duckmanton     

275  Gipps,  F.  G.  de  Visme,  Coolgardie,  Western  Australia 

276  Gjers,  John,  Southfield  Villas,  Middlesbrough        

277*Gledhill,  Edward,  Carolina  Hacienda,  Honda,  Republic 

of  Colombia,  Soutk  America 

278  Goerz,  A.,  P.O.  Box  1961,  Johannesburg,  Transvaal 

279  Goldsworthy,  Arthur,  Linares,  Provincia  de  Jaen,  Spain 

280  Goolden.  Walter  T.,  c/o  Messrs.  Easton,  Anderson,  and 

Goolden,  Limited,  2,  St.  Nicholas'  Buildings,  Newcastle- 
upon-Tyne 

281  Gouldie,  Joseph,  The  Gill,  Aspatria,  Cumberland 

282  Greaves,  J.  0.,  Westgate,  Wakefield  

283  Green,  J.  T.,  Soutkside,  Sneyd  Park,  Clifton,  Bristol 

284  Greener,  Henry,  Soutk  Pontop  Colliery,  Annfield  Plain,.. 

M.  Aug.  3,  1889 

285  Greener,  T.  Y.,  West  Lodge,  Crook,  Darlington  (Member       S.  July  2,  1872 

of  Council)       A.M.Aug.  2,1879 

M.  June  8,  1889 

286  Greenwell,  G.  C,  Jun.,  Poynton,  near  Stockport S.  Marck  6,  1869 

M.  Aug.  3,  1872 

287  Gregson,  G.  Ernest,  11,  Ckapel  Street,  Preston,  Lancaskire  A.M.  Dec.  8,  1894 

M.  Feb.  9,  1895 

2S8  Gresley,  W.  S.,  Erie,  Pa.,  U.S  A A.M.Oct.  5,1878 

M.  Aug.  3,  1S89 

289  Grey,  C.  G.,  Ballycourcy,  Enniscortky,  Co.  Wexford         ...             May  4,  1872 

290  Griffith,  N.  R  ,  Plasnewydd,  Ruabon,  Nortk  Wales         ...             Aug.  1,  1867 

291  Griffith,  Wm.,  Waterloo  House,  Aberystwyth,  South  Wales            Dec.  9,1893 

292  Grimshaw.  E.  J.,  23,  Hardshaw  Street,  St.  Helen's,  Lan- 

cashire                         Sept.  5,  1868 

293  Guthrie,  James  K.,  The  Terrace,  Ovingham-upon-Tyne   ...             Aug.  3,  18S9 

294  Haddock,   W.   T.,   Sutherland  Reef,   Limited,  Leydsdorp,       S.  Oct.  7,  1876 

Zoutpansberg,  Z.A.R A.M.  Aug.  1,  1885 

M.  June  8,  1889 

295  Hadfield,  Joseph            Feb.  9,1895 

296  Haggie,  D.  H.,  Wearmouth  Patent  Rope  Works,  Sunderland  Maick  4,  1876 

297  Haggie,  Peter  Sinclair,  Gateskead-upon-Tyne      A.M.  April  14,  1883 

M.  Aug.  3,  1889 

29S*Hague,  Ernest,  Castle  Dyke,  Sheffield           Aug.  3,1878 

299  Halder,  Albert  H,  P.O.  Box  126,  Buluuayo,  Rkodesia, 

South  Africa April  8,1893 

300  Hall,  Frederick,  Fernleigh,  Highfield,  Workington         ...            Oct.  14,1893 

301  Hall,  Fred.  W.,  Haswell  Lodge,  Sunderland           S.  June  8,  1S89 

M.  Feb.  10,  1894 

302  Hall,  John  Charles,  Pegswood  Colliery,  near  Morpeth   ...       A.  Dec.  14,  1889 

x\l.  Aug.  3,  1S95 

303  Hall.  M.,  Lofthouse  Station  Collieries,  near  Wakefield       ...             Sept.  5,  186S 

304  Hall.  M.  S..  8.  Victoria  Street.  Biskop  Auckland Feb.  14,  1874 

305  Hall.  Tom,  Ryhope  Colliery,  via  Sunderland            June  8,1889 

.'SOti  Hall, William  F.,  Haswell  Colliery,  Haswell, -ma Sunderland            May  13,  1858 
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307  Hallas.G.  H.,Wigan  and  Whiston  Coal  Co..  Limited.  Prescot        S.Oct.     7,1876 

A.M.  Aug.    4,  1883 
M.  June    8,  1889 

308  Hallimond,   Wm.  Tasker.  General    Manager,   Rand    Col- 

lieries, Limited,  Brakpan,  Z.A.R.  Dec.    14,  1S89 

309  Halse.  Edward.  Coolgardie,  via  Albany,  Western  Australia  A.  M.  June  13,  1885 

M.  Aug.     3,  1889 

310  Hamilton.  E.,  Rig  Wood.  Saltburn-by-the-Sea 


311  Hancock,  H.  Llpson,  Moonta  Mines,  South  Australia 

312  Hancock,  H.  R.,  Moonta  Mines,  South  Australia    ... 

313  Hannah,  David,  Brynderwen,  Ferndale,  South  Wales 

314  Hardman,  John  E.,  83,  Hollis  Street,  Halifax,  Nova  Scotia 

315  Hare.  Samuel,  Bedlington  Collieries.  Bedlington.  R.S.O — 

316  Hargreaves,    Joseph,    Gwauu    Cae    Gurwen    Collieries, 

Brynamman,  R.S.O. 

317  Harle,  Peter,  Page  Bank  Colliery.  Co.  Durham      

318  Harle.  Richard.  Browney  Colliery,  Durham  

319  Harris,  G.  E.,  Margherita,  Debrugarh,  Upper  Assam 

320  Harris.  W.  S.,  Kibblesworth,  Gateshead-upon-Tyne 


321  Harriso.v,  C.  A.,  North  Eastern  Railway,  Newcastle-upon- 

Tyne     

322  Harrison,  G.  B. ,  Swinton,  near  Manchester 

323  Harrison,  W.  B.,  Brownhills  Collieries,  near  Walsall 

324  Harvey,  W.  Pellew,  Vancouver,  British  Columbia 

325  Hawker,    Ed.     Wm.,     Adelaide     Club,    Adelaide,    South 

Australia         Oct,    12,  1895 

326  Hawkins,    R.    Spencer,    Ayrshire    Mine,    Los    Mogundi,  A.M.  April  14,  1894 

Salisbury,  Mashonaland,  South  Africa      

327  Hay,  J.,  Jun..  Widdringtou  Colliery.  Acklington      

328  Head,  Jeremiah.  47,  Victoria  Street,  Westminster,  London, 

S.W 

329  Heap,  R.  Smith,  2,  Nelson  Square,  Burnley 

330  Hedley,  J.  L..  H.M.  Inspector  of  Mines,  2.  Devonshire  Ter- 

race. Newcastle-upon-Tyne  (Retiring  Vice-President, 
M '  mber  of  Council )  ... 

331  Hedley.  Sept.  H..  Langholme,  Roker,  Sunderland 


332  Henderson.  H.,  Pelton  Colliery,  Chester-le-Street 

333  Henderson,  Jos.   J.,  U.S.  Engineer's  Office.  Kingsbridge. 

New  York,  U.S. A 

334  Hendy,  J.  C.  B. .  Etherley,  via  Darlington     .  . 

335  Hepburn,  Whbldon,  Littletown  Colliery,  near  Durham 

336  Heppell,  T.,  Leafield  House,  Birtley.  Chester-le-Street 


s. 

Nov. 

1,  1873 

A.M. 

Aug. 

2,  1879 

M. 

June 

8,  1889 

Dec. 

14,  1895 

A.M. 

Aug. 

4,  1894 

M. 

Nov. 

24,  1894 

Feb. 

9,  1895 

Dec. 

9,  1S93 

S. 

Aug. 

2,  1S79 

M. 

Aug. 

1,  1891 

Aug. 

5,  1893 

Oct. 

8. 1892 

April 

7,  1877 

Feb. 

10,  1894 

S. 

Feb. 

14,  1874 

A.M. 

Aug. 

7,  1880 

M. 

June 

8,  1889 

June 

21,  1894 

Aug. 

6,  1892 

April 

6,  1867 

June 

8,  1895 

M.  Oct.  12, 

1895 

S.  Sept.  4, 

1869 

M.  Aug.  4, 

1874 

Aug.  3, 

1889 

June  21, 

1894 

S.  Feb.  5, 

1870 

M.  Aug.  2, 

1873 

s.  Feb.  15, 

1879 

.M.  Aug.  1, 

1885 

M.  Aug.  3, 

1889 

Feb.  14, 

1874 

June  13, 

1891 

Oct.  14, 

1S93 

Aug.  3, 

1895 

Aug.  6, 

1863 
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337  Heslop.  C.  Woodside.  Marske  Mill  Lane,  Saltburn-by-the-  S.  Feb.     1,  1868 

Sea        M.  Aug.    2,  1873 

33S  Heslop,  Grainger,  Deptford  Hall,  Suutlerland         Oct.     5,1872 

339  Heslop,   Michael,    Rough  Lea   Colliery,    Willingtou,   Co.  A.  Feb.   10,  1894 

Durham  M.  June  21,  1894 

340  Heslop,   Septimus,    New   Beerbhoom    Coal  Co..    Limited, 

Asansol,  Bengal,  India         ...         ...         ...  ..         ...  Oct.    12,  1895 

341  Heslop,    Thomas,    Storey    Lodge   Colliery.    Cockfield,  ma       S.  Oct.      2,  1S80 

Darlington       A.M.Aug.    4,1888 

M.  Aug.    3,  1889 

342  Heslop,  Wm.  Taylor,  Central  Collieries,  Brakpan,  Johan- 

nesburg, Transvaal,  ...         ...         ...         ...         ...         ...  Aug.     3,  1895 

343*He\vitt.  G.  C.Serridge  House,  Coalpit  Heath,  near  Bristol  June    3,  1871 

344  Hewlett.  A..  Haseley  Manor,  Warwick         ...         ...         ...  March 7,  1861 

345  Higby.   Robert  George,    c/o   Messrs.    F.    W.  Heilger  and 

Co.,  22,  Great  St.  Helen's,  London,  E.C Dec.     9,1893 

346  Higson.  Jacob,  18,  Booth  Street,  Manchester  Aug.    7,1862 

347  Hill,  William,  The  Pooley  Hall  Colliery  Co.,  Polesworth,  A.M.  June    9,  1883 

near  Tamworth  M.Aug.  3,1889 

348*Hilton,  J.,  67.  Hawkshead  Street,  Southport  S.Dec.  7,1867 

M.  Aug.  6,  1870 

349  Hilton,  T.  W.,  Wigan  Coal  and  Iron  Co..  Limited,  Wigan  Aug.  3,  1865 

350  Hobson,    J.   B.,    Cariboo  Hydraulic  Mining  Co.,  Limited, 

Vancouver,  British  Columbia 

351  Hodge,  Francis,  Coromandel,  near  Auckland,  New  Zealand 

352  Hodgson,  Jacob,  Cornsay  Colliery,  Co.  Durham      

353  Hodgson,  John.  Edmondsley  Colliery,  Chester  le-Street     ... 

354  Hoffman,    Charles,   Per    Private   Bag,    P.O.    Box   1022, 

Johannesburg,  Transvaal    ... 

355  Hogg,. C.  E.,  1,  St.  Helen's  Place,  London,  E.C 

356  Holliday.  Martin  F. ,  Langley  Grove,  Durham        

357  Hollis,  Henry  Wm..  Whitworth  House,  Spennymoor 
35S  Holmes.  G.  109,  Victoria  Road,  Darlington 

359  Holt,  John,  Jun.,  109,  Manchester  Road,  Swinton,  Lanca- 

shire, and  The  Hollies.  Heywood,  Lancashire 

360  Hood,  A. ,  6,  Bute  Crescent,  Cardiff      

361  Hooper,  Ed.,  c/o  J.  H.  Hooper,  College  Precincts.  Worcester  A.M.  June    4,  1SS1 

M.  April  14,  1894 

362  Hooper,  G.  C,  Whitehaven  Collieries,  Whitehaven  ...  A.M.  Aug.     4,  1894 

M.  Oct,    13,  1894 

363  Hopkins,  Edward,  13,  Harrington  Gardens,  London,  S.W. 

364  Hosking,  James,  Roskear,  Camborne,  Cornwall 

365  Hoskold,  H.  D.,  Inspector  General  of  Mines  of  the  Argentine 

Republic,  and  Director  of  the  National  Department  of 
Mines  and  Geology.  Buenos  Ayres 

366  Howes,   Frank   T.,    The   Poplars,    Kingswood    Hill,  near 

Bristol  ... 

367  Hull,  Prof.  Edward,  20,  Arundel  Gardens,  London,  W.  ... 

368  Humble,   William,   Lawson  Street,  Hamilton,  Newcastle, 

New  South  Wales 

369  Hukst.  <  rEORGE,  9,  Framlington  Place.  Newcastle-upon-Tyne 


April  25, 

1S96 

April  14, 

1894 

June  8, 

1895 

Oct.  8, 

18S9 

June  13, 

1896 

Oct.  12, 

1895 

May  1, 

1875 

June  8, 

1889 

April  11, 

1874 

Aug.  5, 

1893 

May  2, 

1861 

Oct.   8, 

1889 

June  21, 

1894 

April  1, 

1S71 

A. 

Dec.  10, 

1892 

M. 

Oct.  14, 

1893 

Dec.  S, 

1894 

Oct.  14, 

1893 

S. 

April  14, 

1883 

M. 

Aug.  1, 

1891 
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Date  of  Election 
and  of  Transfer. 

June    7,  1873 

Sept. 
Dec. 

4,  1869 
6,  1862 

s. 

A.M. 
M. 

July 
Aug. 
June 

2,  1872 
2,  1879 

8,  18S9 

S. 

Oct. 

7,  1876 

A.M. 
M. 

Aug. 
June 

4,  1883 
8,  1889 

June  21,  1894 

Aug. 

4,  1S94 

March  7,  1S74 

S. 

Feb. 

14,  1S74 

A.M. 

Aug. 

2,  1879 

M. 

June 

8,  1889 

Dec. 

9,  1882 

Feb. 

15,  1896 

370  Jackson.  W.  G..  Hicklam  House.  Aberford.  near  Leeds 

371  Jeffcock.  T.  W..  IS.  Bank  Street.  Sheffield 

372  Jenkins.  W. .  Ocean  Collieries.  Treorchy.  Glamorganshire  .. 

373  J epson,  H.,  39,  North  Bailey,  Durham  


374*Jobeing,  Thos.  E.,  Blyth,  Northumberland 


375*Johns,  J.  Harry,  P.O.  Box   1021,  Johannesburg,  Transvaal 

376  Johnson,  Guy  R.,  P.O.  Box  75,  Embreville,  Washington 

County,  Tennessee,  U.S. A 

377  Johnson,  J.,  The  Terrace,  Stairfoot,  near  Barnsley 

378  Johnson,  W.,  Abram  Colliery,  Wigan  


379  Johnson,  Wm.,  3,  Elm  Grove,  Warkworth 

380  Johnston,  Duncan  Stuart,  P.O.  Box  116,  Johannesburg, 

Z.A.R 

351  Johnston,  J.  Howard,  c,'o  Messrs.  Backus  and  Johnston, 

Lima,  Peru,  South  America  ...         ...         ...         ...  Feb.    10,  1894 

352  Joicey,  J.  G.,  Forth  Banks  W "est  Factory,  Newcastle-upon- 

Tyne     AprillO,  1869 

383  Joicey,  W.  J.,  Sunningdale  Park,  Berkshire  March  6,  1S69 

384  Jones,  Jacob  Carlos,  Bellambi.  New  South  Wales Aug.     (5,  1S92 

3S5  Jones.  John  Arthur.  Gijon.  Asturias,  Spain April    8.1693 

386  Kanda.    Reiji,     Hokkaido-Kozankabushikikaisha,    Otaru,  A.M.  Aug.    4,  1S94 

Hokkaido,  Japan       M.  Nov.  24,  1894 

387  Kaufman,  Charles,  St.  George's  Terrace,  Perth,  Western 

Australia         Oct.    12,  1895 

388  Kay,  Robert.  South  Tanfield  Colliery,  Stanley,  R.S.O.,  Co. 

Durham 
3S9  Kayll,  A.  C.  Gosforth,  Newcastle-upon-Tyne  (Member  of 
Council) 

390  Kayser,   H.    W.    Ferd.,   The  Mount  Bischoff  Tin  Mining 

Company,  Waratah,  Tasmania 

391  Kellett,  Matthew  H.,  South  Moor,  Chester-le-Street  ... 

392  Kellett,  William,  Portland  Bank,  Southport        

393  Kendall,    John    D.,   Mansion    House    Chambers,    Queen 

Victoria  Street,  London,  E.C. 

394  Kennedy,    Wm.,  509,   West  Sixth  Street,  Austin,  Texas. 

U.S.A 

395  Kidd,   Thomas,  Jun.,   Linares,  Provincia  de  Jaen,  Spam. 

Transactions  to  be   sent  to  Thomas  Kidd,    Esq.,   104, 
Balhani  Park  Road,  Balham,  London,  S.  W. 

396  Kirkby,  J.  W.,  Kirkland,  Leven,  Fife  

397  Kirkup,  J.  P. ,  Burnhope,  Lanchester  ... 

398  Kirkup,  Philip,  Cornsay  Colliery  Office,  Esh,  near  Durham 


Aug.     4, 

1894 

S.  Oct.    7, 

1876 

M.  Aug.     3, 

1889 

Nov.  24, 

1894 

S.  April  11, 

1891 

M.  Aug.     3, 

1895 

June    1, 

1878 

Oct.     3, 

1S74 

Jan.    19, 

1895 

Aug.     3, 

1895 

Feb.      1, 

1S73 

April  11, 

1S91 

S.  March  2, 

1S7S 

A.M.  Aug.    7, 

1886 

M.  Aug.    3, 

1889 

Date  of  Election 

and  of  Transfer. 

s. 

April  7,  1S77 

A.M. 

Aug.    1,  1885 

M. 

June    8,  1889 

April  10,  1886 

June  21,  1894 

June    8,  1895 

Aug.    2,  1866 

March  2,  1865 

Sept.    7,  1878 

Dec      2,  1858 

Feb.   15,  1896 

May     5,  1877 

A.M 

.  Dec.     9,  1882 

M 

.  Aug.    3,  1889 

Sept.    2,  1876 

Aug.     1,  IS68 

Ap.  il    8,  1893 

Oct.      2,  1880 
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399  Kirtox,  Hrc,H,  Kimblesworth  Colliery,  Chester-le-Street 


400*Kkowles,  Robert,  Ednaston  Lodge,  Derby  

401  Kondo,  R.,  7,  Setomoncho,  Nihonbashi,  Tokio,  Japan 
402*KwANG,  KwONG  YlTNGj  c,o  Chinese  Engineering  and  Mining 
Co.,  Lin  Si  Colliery,  Tientsin,  North  China 

403  Lamb,  R.  0.,  West  Denton,  Newcastle-upon-Tyne  .. 

404  Lancaster,  John,  Ashlawu,  Rugby     ... 

405  Lancaster,  John,  Auchinheath,  Southfield  and  Fence  Col- 

lieries, Lesmahagow  ... 

406  Landale,  A.,  Comely  Park  Place,  Dunfermline 

407  Landero,   Carlos  F.  de,  c/o   Real   del   Monte  Co.,   P.O. 

Box  1,  Pachuca,  Mexico 
408*Laporte,  H  .  57.  Rue  de  la  Concorde.  Brussels 

409  Laverick,   John  Wales,  Tow   Law  Colliery  Office,  Tow  A.M.  Dec. 

Law,  R.S.O.,  Co.  Durham 

410  Laverick,  Robt.,  West  Rainton,  Fence  Houses 

411  Lawrence,  H.,  Grange  Iron  Works,  Durham        

412  Lawrence.  H.  L.,  c/o  Dr.  Magin,  P.O.  Box  733,  Johannes- 

burg, Transvaal 

413  Laws,  W.  G.,  Town  Hall,  Newcastle-upon-Tyne      

414  Leach,  C.  C,  Seghill  Colliery,  Northumberland  (Member  of       S.  March  7,  1874 

Council)  A.M.  Aug.    6,  1881 

M.  Aug.    4,  18S3 

415  Leboer,  G.  A.,  Durham  College  of  Science,  Newcastle-upon- 

Tyne     Feb.     1,  1873 

416  Leck,  Wm.,  H.M.  Inspector  of  Mines,  Cleator  Moor,  Cum- 

berland    Nov.  24,  1894 

417  Leckie,     Robert    G.,    Londonderry    Iron    Co.,    Limited, 

Londonderry,  Nova  Scotia  ...         ...         ...         ...         ...  Dec.     9,  1S93 

41 S  Lee,  J.  W.  R. ,  70,  St.  Helen's  Gardens,  North  Kensington, 
London,  W.     ... 

419  Lewis,  H.  R.,  7,  Drapers'  Gardens,  London,  E.C 

420  Lewis,    Sir    William    Thomas,   Mardy,   Aberdare   (Vice- 

President,  Member  of  Council)  

421  Liddell,  J.  M..  3.  Victoria  Villas.  Newcastle-tipon-Tyne   ... 


422  Liebert,  R.  A.  D.  

423  Lixday,  George,  Blackett  Colliery,  Haltwhistle     

424  Linday,  James.  Park  Street  Villas,  Bridgend,  Glamorgan... 

425  Lindop,  A.  B.,  Blackball,  via  Greymouth,  New  Zealand     ... 

426  Linsley,  R. .  Cramlington  Colliery.  Northumberland 

427  Lishman-.  R.  R.,  South  Hill  House,  Timsbury,  near  Bath  ... 

428  Lishman.  T..  Hetton  Colliery,  Hetton-le-Hole,  R.S.O. 

429  Lishman.  Wm.,  Holly  House.  Witton-le-Wear  

430  Lishman,  W.  Ernest,  South  Hetton  Colliery,  rlu  Sunderland 


Aug. 

5, 

1S93 

April  14, 

1894 

Sept. 

3, 

1864 

s. 

M  arch  6, 

1875 

..M. 

Aug. 

6, 

1881 

M. 

June 

8, 

1889 

April 

8, 

1S93 

June 

10. 

1893 

Aug. 

6; 

1892 

Dec. 

9, 

1893 

July 

2, 

1872 

S, 

,  June 

9, 

1883 

M. 

Aug. 

1, 

1S91 

S, 

.  Nov. 

5, 

1870 

M. 

Aug. 

3, 

1872 

April 

1, 

1S5S 

June 

Id. 

1893 
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431  Lisle,  J..  The  Ottos  Kopje  Diamond  Mines.  Limited.  Ottos 

Kopje  Chambers,  P.O.  Box3Sl,  Kimberley,  South  Africa 

432  Little.  Gilbert,  Transport  Appliance  Works,  Smethwick, 

Birmingham    ... 

433  Liyeing.  E.  H..  52,  Queen  Anne  Street.  Cavendish  Square, 

London,  W.     ... 

434  Liyesey,  C,  Bradford  Colliery,  near  Manchester     ... 

435  Liyesey,  T.,  Bradford  Colliery,  near  Manchester     ... 

436  Llewellin,   Dayid  Morgan.  Glanwern  Offices,  Pontypool 

437  Lloyd,  G.  Hamilton',  Dolgerddon,  Rhayader,  Radnorshire. 

Transactions,  etc.,  to  7,  St.   Mildred's  Court,  Poultry, 
London,  E. C.  ... 

438  Logan,  William.  Langley  Park  Colliery,  Durham 

439  Longridge,  Jethro,  Coxlodge    Colliery,    Xewcastle-upon 

Tyne 

440  Louis.  D.  A.,  77.  Shirland  Gardens.  London.  W. 

441  Louis,  Henry,  Durham  College  of  Science,  Xewcastle-upon 

Tyne     

442  Loyely,  W.  H.  C. ,  Coolgardie,  Western  Australia  ... 

443  Lowdon,  Thos.  ,  Hamsteels,  near  Durham 

444  Lupton,  A.,  6,  De  Grey  Road,  Leeds  ... 

445  Mac  Arthur,  John  S..  IOSa.  Hope  Street.  Glasgow  ... 

446  MacCabe.   H.    0.,   Russell  Vale,  Wollongong,  New  South 

Wales  ... 

447  McCarthy,  E.   T.,  c'o  Col.   Pigott,  Archer  Lodge,  Charles 

Road,  St.  Leonards-on-the-Sea 
44S  McCreath,  J.,  20S,  St.  Vincent  Street,  Glasgow      

449  McCulloch,  David,  Beech  Grove,  Kilmarnock,  X.B. 

450  McGeachie,  Duwcan,  Waratah  Colliery,  Charlestown,  near 

Newcastle,  New  South  Wales 

451  Mackintosh,  James,  col.  and  R.  B.  Ranken,  6S,  Queen 

Street,  Edinburgh     ...         ..  ...         ...         

452  McLaren,  B.,  J un. ,  Portland  House,  Kirkby-in-Ashfield  ... 


453  McMurtrie,  George  Edwin  James,  Foxes  Bridge  Colliery, 

Cinderford,  Gloucestershire 

454  McMurtrie,  J.,  Radstoek  Colliery,  Bath      

455  Maddison,  Thos.  R.,  Dirtcar  House,  near  Wakefield 


456  Maddison,  W.  H.  F.,  The  Lindens,  Darlington 

457  Maling,  C.  T.,  Ellison  Place,  Xewcastle-upon-Tyue 

45S  Mammatt.  J.  E.,  1,  Albion  Place,  Leeds        

459  Markham,  G.  E.,  Coundon,  Bishop  Auckland 


S. 

A.M. 

M. 


Date  of  Election 
and  of  Transfer. 

July  2,  1872 
Aug.  3,  1878 
June  8,  1889 

April  27,  1S95 


S. 

A.M. 

M. 

S. 
M. 


Sept. 
Aug. 
Aug. 

Aug. 
Nov. 
Aug. 


1,  1877 

2,  1884 

3,  1889 
3,  1S65 
7,  1S74 
7.  1875 


May  14,  1881 


Dec. 

Oct. 


9,  1S93 
5,  1867 


s. 
A.M. 

M. 
A.M. 

M. 


Dec.  14,  1889 
April  8,  1893 

Feb.  15,  1896 
June  8,  1895 
Dec.  14,  1889 
Xov.  6,  1S69 

April  8,  1893 
Sept.  7,  1878 

7,  1880 
3,  1889 

8,  1887 
3,  1889 

March  5,  1870 
Dec.     4,  1875 


Aug. 
Aug. 
Oct. 
Aug. 


Xov.  24,  1894 


Oct,  12, 

1895 

s. 

Dec.  8, 

1883 

A.M. 

Aug.  4, 

1888 

M. 

Aug.  3, 

1889 

S. 

Aug.  2, 

1884 

M. 

Dec.  12, 

1891 

Xov.  7, 

1863 

s. 

March  3, 

1^77 

A.M. 

Aug.  6, 

1881 

M. 

June  8, 

1889 

June  14, 

1890 

Oct,   5, 

1872 

Aug.  3, 

1865 

s. 

Dec.  4, 

1875 

A.M. 

Aug.  7, 

1880 

M 

June  8, 

1889 

XXX 
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Date  of  Election 
and  of  Transfer. 

Feb.  15,  1896 

s. 

Aug.     1,  1868 

M. 

Aug.    2,  1873 

July    2,  1872 

Aug.     6,  1S92 

4lio  Makks,  Hkrf.ert  T.,  27,  Wallace  Road,  Canonbury,  London, 

N 

461   Marley,  J.  W.,  Thornfield,  Darlington  

468  Marten,  E.  B.,  Pedmore,  near  Stourbridge 

463  Martin,  C.  W.,  Newbottle  Colliery  Offices,  Fence  Houses... 

464  M  \rtin,  Ralph,  The  Cardigan  Stone  Co.,  Ltd.,  Llandyssil, 

South  Wales Oct.    12,1895 

465  Masom,  Francis  Herbert,  Queen  Building,  Hollis  Street, 

Halifax,  Nova  Soctia  ...         ...         ...         ...         ...  June    8,  1895 

466  Mathieson,  Alexander,  Hetton  Colliery.  Carrington,  near 

Newcastle,  New  South  Wales        ...         ...         ...         ...  Nov.     5.  1892 

467  Matthew,  Wm.,  10,  Jackson's  Lane,  Calcutta,  India  ...  June  21,  1894 
46S  Matthews,  D.  H.  F.,  H.M.  Inspector  of  Mines,  Highfield, 

Kilmorey  Park,  Chester       Nov.  24,  1S94 

469  Matthews,  J.,  Messrs.  R   and  W.  Hawthorn,  Newcastle- A.M.  April  11,  1885 

upon-Tyne       M.  Aug.    3,  1889 

470  Matthews,  R.  F.,  Harehope  Hall,  Alnwick  ...         ...  March  5,  1857 

471  Mawson,  R.  Bryham,  Brick  House.  Westleigh.  near  Man- 

chester...        ...  ..         ...         ...         ...         ...         ...  June  11,  1S92 

472  May,    George,     The    Harton    Collieries,     South    Shields 

(President,  Member  of  Council )  ...         ...         ...         ...  March  6,  1862 

473  Meldrcm,  J.  J.,  Atlantic  Works,  City  Road,  Manchester  Nov.  24,  1S94 

474  Merivale,  J.  H.,  Togston  Hall,  Acklington,  Northumber- 

land (Member  of  Council )   ...         ...         ...         ...         ...  May     5,  1877 

475*Meriyale,     W. ,     General    Manager,     Barbados     Railway,  A.M.  March 5,  1881 
Barbados         " M.  Aug.    3,  1889 

476  Merritt,    W.    Hamilton,    485,    Huron   Street,   Toronto, 

Ontario,  Canada         Oct.    14,  1893 

477  Metcalf,  A.  T.,  The  Cloisters,  Maritzburg,  South  Africa...  June  21,  1894 

478  Meysey-Thompson,  A.  H.,  Sun  Foundry,  Leeds      A.M.  April   3,  1889 

M.  Aug.    3,  1889 

479  Middleton,  Robert,  Sheep  Scar  Foundry,  Leeds    ...         ...  Aug.     1,  1891 

480  Miller,  James,  c'o  The  Mexican  Gold  and  Silver  Recovery 

Company,  Apartado,  48,  Hermosillo,  Sonora,  Mexico...             Aug.  4,  1894 
4S1  Miller,  J.  P.  K.,  H.  C.  Frick  Coke  Co.,  Scottdale,  Penn- 
sylvania, U.S.A Dec.  14,  1895 

482*Midler,  N.             A.M.  Oct.  5,  1S78 

M.  Aug.  3,  1SS9 

483  Mitchell,  Clay*ton  E.  J.,  West  Highlands,  Winchester   ...            Nov.  5,  1892 
4S4  Mitchinson,    R.,    Pontop   Colliery,  Annfield  Plain,  R.S.O., 

Co.  Durham Feb.  4,  1865 

485  Molson,  C.  Atkinson,  c,'o  The  Elkhorn  Mining  Co.,  Ltd., 

Elkhorn,  Jefferson  County,  Montana,  U.S.A Oct.    12,  1895 

486  Monkhotjse,  Jos.,  Gilcrux,  Carlisle     ...         ...  June    4,  1863 

4s7  Moore,  R.  T.,  156.  St.  Vincent  Street,  Glasgow        Oct.      S,  1892 

488  Moore,  R.  W.,  Somerset  House,  Whitehaven  S.  Nov.     5,  1870 

M.  Aug.     4,  1877 

489  Moore,  William,  Loftus  Mines,  Loftus-in-Cleveland,  R.S.O.  A.M.  Nov.  19,  1881 

M.  Aug.    3,  1889 

490  Morison,     John,     Cramlington     House,     Northumberland  A.M.  Dec.     4,1880 

(Member  of  Council)  M.Aug.    3,1889 
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491  Morris,  Wm.,  Waldridge  Colliery.  Chester-le-Street  ...  Oct.      8,1892 

492*Morton,  H.  J.,  2,  Westboume  Villas,  Scarborough Dec.     5,  1856 

493  Moses,  Wm.,  De  Beers  Consolidated  Mines,  Limited,  Kim- 

berley,  South  Africa June  21,  1894 

491  Mountain,  William  C,  Forth  Banks,  Newcastle-upon-Tyne  April   9,  1S92 

495  Mulholland,  M.  L A.M.  Due.   11,  1886 

M.  Aug.    3,  1889 

496  Mundle,   Arthur,  Bank   Chambers,   24,   Grainger   Street        S.  June    5,  1875 

West,  Newcastle-upon-Tyne  ...         ...         ...         ...       M.  Aug.    4,  1877 

497  Murray,   John,   Raneegunge   Coal    Association,    Limited, 

Giridih,  India  Dec.     8,1894 

498  Murtox,  Ciias.  J.,  Delaval  Benwell  Colliery,  Newcastle-        S.  March 6,  1880 

upon-Tyne       ... A.M.  Aug.    3,  1887 

M.  Aug.    3,  1889 

499*Nassk,  Rudolph,  Geheimer  Oberbergrath,  Dornbergstrasse, 

6,  Berlin,  Germany Sept.    4,1869 

500  Neyin,  John,  Littlemoor,  Mirfield,  Normanton        S.  May     2,  1868 

M.  Aug.    5,  1871 

501  Newbigin,  H.  Thornton,  7,  Lovaine  Crescent,  Newcastle- 

upon-Tyne       Oct.    13,  1894 

502  Newton,  James,  Whitehaven  Colliery,  Whitehaven  ...  Nov.     5,1892 

503  Nichol,  Wm.,  De  Beers  Mine,  Kimberley,  South  Africa    ...  A.M.  Oct.      9,  1886 

M.  Aug.    3,  1889 

504  Nicholson,  J.  Cook,  Collingwood  Street,  Newcastle-upon- 

Tyne     Feb.    10,  1894 

505  Nicholson,  J.  H.,  Co  wpen  Colliery  Office,  Blyth     S.Oct.      1,1881 

A.  Aug.     3,  1889 
M.  April   8,  1893 

506  Nicholson,  Marshall,  Middleton  Hall,  Leeds        Nov.    7,  1863 

507  Noble,  Thomas  George,  Sacriston  Colliery,  Durham        ...       A.  Feb.   13,  1892 

M.  June    S,  1895 

508  North,  F.  W.,  18,  St.  Swithin's  Lane,  London,  E.C.         ...  Oct.     6,  1864 

509  Oates,    Robert  J.    W.,    Manager,    Government    Central        S.  Feb.   10,  1883 

Provinces  Collieries,  Umaria,  via  Katni,  C.P.,  India  ...  A.M.  Aug.     1,  1891 

M.  Dec.   12,  1891 

510  Ogilvie,    A.    Graeme,    8,    Grove    End   Road,   St.   John's 

Wood,  London           March  3,  1877 

511  Oldham,  George,  25,  Western  Hill,  Durham...         ...         ...  Nov.     5,1892 

512  Oliver,  Septimus,  Tyne  House,  Tynemouth Nov.  24,  1894 

513  Ornsby,   R.  E.,  Seaton  Delaval  Colliery,  Newcastle -upon-  S.  March  6,  1^75 

Tyne A.M.  Aug.    4,  1883 

M.  June    8,  1889 

514  Oswald,  R.  P.  W.,  28,  Lismore  Terrace,  Carlisle    ...         ...  Aug.    4,  1894 

515  Palmer,  A.  S.,  3,  Victoria  Square,  Newcastle-upon-Tyne  ...  July     2,  1872 

516  Paemer,  Sir  Chas.  Mark,  Bart.,  Quay,  Newcastle-upon- 

Tyne     ' Nov.    5,  1852 

517  Palmer,  Claude  B.,  Wardley  Hall,  near  Newcastle-upon- A.M.  Nov.    5,  1892 

Tyne     M.  June     8,  1895 
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Date  of  Election 
and  of  Transfer. 

51S  Palmer.  Henry,   Medomsley,  R.S.O.,  Co.  Durham  (Mem-        S.  Nov.  2,  1S7S 

her  of  Council )           A.M.Aug.  4,1883 

M.  Aug.  3,  1889 

519  Pamely,  C,  Wye  Cliffe  House,  Welsh  Street,  Chepstow    ...        S.  Sept.  5,  1868 

M.  Aug.    5,  1877 

520  Paxtox,  F.  $.,  Silksworth  Colliery,  Sunderland       S.Oct.     5,1867 

M.  Aug.    4,  1874 

521  Parrixgton.    M.    W.s    Wearmouth    Colliery,    Sunderland        S.  Dec.     1,  1864 

(Member  of  Council) M.Aug.    6,1870 

522  Parsons,  Hon.  Charles  Algernon,  Holeyn  Hall,  Wylam-  A.M.  June  12,  1886 

upon-Tyne      M.  Aug.    3,  1889 

523  Peake,  R.  C.j  Cumberland  House,  Redbourn,  Herts.  ...        S.  Feb.     7,  1880 

A.M.  Aug.    7,  1886 
M.  Aug.    3,  1889 

524  Pearce,  Giles  Otis,  708,  Colorado  Avenue,  Colorado  City, 

Colorado,  U.S. A Oct.    12,1895 

r>2.">  Pease,  Sir  J.  W.,  Bart.,  Hutton  Hall,  Guisbrough,  York- 
shire       March  5,  1857 

526  Peel.  Robert.  New  Brancepeth  Colliery,  Durham Aug.     6,1892 

527  Peile,  William,  Croft  Hill,  Moresby,  Whitehaven            ...  S.  Oct.     1,  1863 

M.  Aug.    6,  1870 

528  Percy.  C.  M.,  King  Street,  Wigan      Dec.    14,  1895 

529  Pernolet  Arthur,  87,  Rue  Lafayette,  Paris,  France       ...  Dec.    14,  1895 

530  Pickup,  P.  W.,  The  Quarry,  Colwall,  Malvern         Feb.     6,  1875 

531  Plummer,  John,  H.M.  Inspector  of  Mines,  Bishop  Auckland  June    8,1889 
53"?  Potter,     A.     M.,     Aydon    Grange,    Corbridge-upon-Tyne        S.  Feb.     3,  1872 

(Member  of  Council)  M.Aug.    5,1876 

533  Potter,  C.  J.,  Heaton  Hall,  Newcastle-upon-Tyne Oct.      3,  1874 

534  Power,  F.  Dan  vers,  68  J,  Pitt  Street,  Sydney,  New  South  A.  M.  Aug.     4,  1894 

Wales M.  Nov.  24,  1894 

535  Price,  S.  R.,    c/o   Messrs.   Forster  Brown   and  Rees,  12,        S.  Nov.    3,  1877 

Victoria  Street,  Westminster,  London,  S.  W A.M.  Aug.  1,  1885 

M.  Aug.  3,  1889 

536  Price,  S.  W.,  25,  Lochaber  Street,  Cardiff Aug.  3,  1895 

537  Price- Williams,     R.,    Victoria    Mansions,    32,    Victoria 

Street,  London,  S.W Feb.    10,  1894 

538  Pringle,  Edward,  Choppington  Colliery,  Northumberland  Aug.    4,  1877 
539*  Prior,  Edward  G.,  Victoria,  British  Columbia.       Transac- 
tions,  etc.,   to  Wm.    McGregor,    Manager,    Vancouver 

Coal  Company,  Nanaimo,  British  Columbia       ...         ...  Feb.     7,1880 

540  Pritchett,  C.   W.,  Jim.,  Apartado,  196,  San  Luis  Potosi, 

Mexico Dec.     9,1893 

541  Prout,  James,  16,  Claremont  Road,  Redruth,  Cornwall     ...  Feb.   10,  1894 

542  Proust,   Rene,   Mammoth   Hydraulic    Sluicing   Company, 

Matakitaki  River,  Central  Buller,  New  Zealand  ...  June  21,  1894 

543  Quirk,  J.  S.,  St.  Helens  Lead  Smelting  Works,  St.  Helens, 

Lancashire       ...         ...         ...         ...         ...         ...         ...  June  10,  1S93 

544  Ramsay,  J.   A.,  Sherburn  and  Littletown  Collieries,  near 

Durham  March6,  1869 

545  Ramsay,  Wm.,  Tursdale,  Co.  Durham  Sept.  11,  1875 
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5 16  Raxdolph,  Beverley  S. ,  Frostburg,  Maryland,  U.S.A.     ...  Aug.  4,1894 
547  Randolph,  John'  C.  F.,  Mills  Building,  35,  Wall  Street, 

New  York,  U.S. A June  8,1895 

54S  Ravenskaw,  H.  W.,  110.  Cannon  Street,  London,  E.C.     ...  Feb.  15,  1896 

549  Redmayne,  R.   A.   S.,  Seaton  Delaval  Colliery,  Newcastle-  S.  Dec.  13,  1884 

upon-Tyne       M.  Dec.   12,  1891 

550  Redwood,  Boyertox,  Glenwathen,  Church  End,  Finchley, 

London,  N June  21,  1S94 

551  Reid,  A.  H..  P.O.  Box  746,  Johannesburg,  Transvaal         ...  June  21,  1S94 

552  Reid,  Francis,   13,  Railway  Arches,  Westgate  Road.  New- 

castle-upon-Tyne       April   9,  1892 

553  Reid,  P.  S Dec.    10,1892 

554  Rexwick,    T.    C,    Manor    House,     Lumley    Park,    Fence 

Houses April  14,  1S94 

555  Rhodes,  C.  E.,  Car  House,  Rotherham  Aug.    4,  1883 

556  Rhodes,  F.  B.  F. ,  Superintendent  of  the  National  Smelting 

and  Refining  Co.,  South  Chicago,  Illinois,  U.S.A.        ...  Feb.    10,  1S94 

557  Rich,  William,  Minas  de  Rio  Tinto,  Provincia  de  Huelva,  A.M.  June    9,  1888 

Spain M.  Aug.     3,  18S9 

55S  Richardsox,    H. ,    Backwortk    Colliery,     Newcastle-upon- 
Tyne     

559  Richardsox,  Ralph,  Whitburn  Colliery,  South  Shields    ... 

560  RrcnARD>ox,    Robert,    Blaydon   Main    Collier y,   Blaydon- 

upon-Tyne 

561  Ridley,  G.,  16,  Dean  Street,  Xewcastle-upon-Tyne... 

562  Ridley,   N.   B.,   58,   Colliugwood   Street,  Newcastle-upon- 

Tyne     June    8,  1895 

563  Ridyard,  J.,  Hilton  Bank,  Little  Hulton,  Bolton-le-Moors, 

Lancashire      ...         ...          ...         ...         ...         ...         ...  Nov.     7.  ls74 

564  Ritsox,  U.  A.,  15,  Queen  Street,  Newcastle-upon  Tyne      ...  Oct,      7,  1871 

565  Rob>rts,  Jamis.  Jan.,  Perranporth,  R.S.O.,  Cornwall      ...  Dec.    14,  1895 

566  Roberts,  Robert.  Oakley  Slate  Quarries  Co.,  Ltd.,  Blaenau 

Festiniog,  North  Wales       Oct.    12,1893 

567  Robertsox,  D.  A.  W.,  Metropolitan  Colliery,  Helensburgh, 

near  Sydney.  New  South  Wales     ...         ...         ...         ...  Aug.     6.1892 

568*Robertsox,  J.  R.  M.,   Linton.  Pitt  Street,  Wilson's  Point, 
Sydney,  New  South  Wales... 

569  Robertsox,  W.,  123,  St.  Vincent  Street,  Glasgow 

570  Robixs,  Sameel  M. ,  The  New  Vancouver  Coal  Mining  and 

Land  Co.,  Ltd.,  Nanaimo,  British  Columbia 

571  Robixsov.  C.,  Fountain  Hotel,  Barberton,  Z.A.R 

572  Robinson,   G.  C. ,  Brereton  ami  Hayes  Colliery,   Rugeley, 

Staffordshire  ... 

573  Robixsox,  J.  P.,  Hedley  Hill  Colliery.  Waterhouses 

574  Robinson,    Johx    Thomas,    South    Medomsley    Colliery, 

Dipton,  R.S.O 

575  Robinsox,  R.,  Howlish  Hall,  near  Bishop  Auckland  (Mem- 

ber of  Council) 

576  Robsox,  J.  S.,  Butterknowle  Colliery,  via  Darlington 


March  2, 

1865 

s. 

June  9, 

1883 

M. 

Aug  1, 

1891 

A. 

Feb.  8, 

1S90 

M. 

Aug.  3, 

1895 

s. 

Feb.  4, 

1S65 

M. 

Aug.  1, 

1868 

Aug.  2, 

1S90 

March  5. 

1870 

Oct.  12, 

1895 

Dec.  P, 

1893 

Nov.  5, 

1870 

Aug.  5, 

1S93 

Feb.  13, 

1S92 

Feb.  1, 

1868 

May  15. 

1862 

c 
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577  Robson,    T.  0.,  Cbowdene  Cottage,  Low  Fell,  Gateshead- 

upon-Tyne  (Member  of  Council) 

578  Rochester,  William,  River  View,  Blaydon-upon-Tyne    ... 

579  Rolker,  Charles  M.,  Mining  and  Financial  Trust  Syndi- 

cate, Limited,  6,  Drapers'  Gardens,  London,  E.C. 

580  RoNALDSON,  J.   H.,  Mount  Kembla  Colliery,   Wollongong. 

New  South  Wales      

551  RONTREE,  ThOM  \s  

552  Roscamp,  J.,  Shilbottle  Colliery,  Lesbury,  R.S.O.,  North- 

umberland 
583  Ross,  Alexander,   Wallsend   Collieries,    Newcastle,   New 
South  Wales 

554  Ross,  Hugh.  Croxdale  Colliery  Office.  Durham  

555  Ross,  J.  A.  G.,  Newcastle-upon-Tyne 

556  Rothwell,  R.  P.,  253,  Broadway  (P.O.   Box  1833),   New 

York,  U.S. A 

587  Routledge,  Jos.,  Greenbank,  Chestcr-le-Street        

58S  Routlbdgb,  W.  H.,  The  Rhyd,  Tredegar,  Monmouth,  South 

Wales 

589  Rowan,  James,  Inspector  of   Collieries,  Wollongong,  New 

South  Wales 

590  Rowe,  Daniel       

591  Rowley,  Walter,  20,  Park  Row,  Leeds        

592  Russell,  James,  Ukalunda.  via  Bowen,  Queensland 

593  Russell,  Robert,  Coltness  Iron  Works,  Newmains,  N.B. ... 

594  Rutherford,  W.,  South  Derwent  Colliery,  Annfield  Plain, 

Lintz  Green 


S. 

A.M. 

M. 


S. 

A.M. 

M. 


Date  of  Election 
and  of  Transfer. 

Sept.  11,  1875 
Aug.  2,  18S4 
June  8,  1889 
Dec  13,  1891 

June  8,  1895 

Aug.  6,  1892 

Aug.  2,  189 ) 

.  Aug.  3,  1895 

Feb.  2,  1867 

Dee.  8,  1894 
Aug.  6,  1892 
July  2,  1872 

March  5,  1870 
Sept.  11,  1875 
.  Oct.  7,  1876 
Aug.  1,  1885 
June  8,  1889 

Aug.  6.  1892 
June  21,  1894 
Aug.  5,  1893 
Oct.  13,  1894 
Aug.  3,  1878 

Oct.  3,  1874 


595*Saise,  Walter,  Giridih,  E.I.R.,  Bengal,  India       

596  Sam,  T.  B.  F.,  c/o  Messrs.  F.  and  A.  Swanzy,  Cape  Coast 

Castle,  West  Africa 

597  Samborne,  John  Stukely  Palmer,  Timsbury  House,  Bath 

598  Saner,  C.  Taylor,  P.O.  Box  1831,  Johannesburg,  Transvaal 
599*Sa\vyer,  A.  R.,  P.O.  Box  2233,  Johannesburg,  Transvaal  ... 


600  Schroller,  Wm.,  38,  Claypath,  Durham        

601  Scott,  C.  F.,  Grove  Cottage,  Leadgate,  Co.  Durham 

602  Scott,  Eloin,  RopienkaOil  Wells,  Ropienka,  Galicia,  Austria 

603  Scott,  Ernest,  Close  Works,  Newcastle-upon-Tyne 

604  Scott,  F.  Bowes,  Coolgardie  Chambers,  Coolgardie,  West- 

ern Australia 

605  Scott,  Joseph,  Ngahire,  via  Greymouth,  New  Zealand 

606  Scott,  Joseph  S.,  Trimdon  Hall.  Trimdon  Grange,  R.S.O. ... 

607  Scoular,  G.,  St.  Bees,  Cumberland      


M.  Nov. 

3, 

1877 

M.  Aug. 

3, 

1889 

Aug. 

5, 

1893 

Aug. 

1, 

1891 

Oct. 

13, 

1894 

S.  Dec. 

6, 

1873 

.M.  Aug. 

2, 

1879 

M.  June 

8, 

1889 

Aug. 

4, 

1894 

S.  April 

11, 

1874 

M.  Aug. 

4, 

1877 

Aug. 

4, 

1894 

April 

9, 

1892 

Dec. 

14, 

1895 

Aug. 

5, 

1893 

S.  Nov. 

19, 

1881 

M.  April 

9, 

1892 

July 

2, 

1872 
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608  Seamox,  Wm.  Henry,  Director  of  the  New  Mexico  School 

of  Mines,  Socorro,  New  Mexico     Oct.    12,1895 

609  SECCOMBE,  Alfred  F.,  Albaston,  Guimislake,  Cornwall     ...  Dec.      9,  1S93 

610  Selkirk.  Johx  Gunsen,  Dalton-in-Furness April    8.  1893 

611  Seymour,  L.  Irving,  P.O.  Box  149,  Johannesburg,  Transvaal  Feb.    14,  1891 

612  Shaw,  F.  George,  c'oBainbridge,  Seymour,  and  Co.,  13,  St. 

Helen's  Place,  London,  E.C June  10,  1893 

613  Shaw.  J.  Leslie.  Somerset  House.  Whitehaven        Oct.       S.  1892 

614  Sheafer,  A.   Whitcomb,  Pottsville,  Pennsylvania,  U.S.A.  Aug.     4,  1894 

615  S hiel,  Jonx,  Framwellgate  Colliery,  Co.  Durham   ...         ...  May     6,  1871 

616  Shore,  Wm.  Martix,  Kaitangata  Railway  and  Coal  Co. 's  A.M.  April  13,  1889 

Collieries,  Otago,  New  Zealand      M.Aug.     3,1889 

617  Shotton,  Johx,  Ottoman  Railway  Co.,  Smyrna,  Asia  Minor  Oct.    14,  1893 

618  Shute,  C.  A.,  Portland  House,  Eastbourne,  Darlington      ...  April  11,  1S74 

619  Sibold,   C.    W.j  Public  Works  Department,  Soane  Circle, 

Arrah,  Bengal,  India  Dec.     9,  1893 

620  Simox,  Frank,  P.O.  Box  2986,  Johannesburg,  Z.A.R.       ...  Dec.    14,  1S95 

621  Simpson,  C.  L. ,  Engine  Works,  Grosvenor  Road.  Pimlico, 

London April    S.  1893 

622  Simpson,  F.  L.  G,  Mohpani  Coal  Mines,  Gadawarra,  C.P.,  A.M.  Dec.   13,  1884 

India M.  Aug.     3,  1889 

623  Simpson,  F.  R,,  Hedgefield  House,  Blaydon-upon-Tyne     ...        S.  Aug.    4,  1883 

M.  Aug.     1,  1891 

624  Simpsox,  J.,  Heworth  Colliery,  Felling,  R.S.O.,  Co.  Durham        S.  Dec.     6,  1866 

M.  Aug.     1,  1868 

625  Simpsox,   J.   B.,  Bradley   Hall,   Wylam-upon-Tyne  (Past- 

Presedent,  Member  of  Council) '..  Oct.      4,1860 

626  Sladdex,  Harry,  Chorlton  Chambers,  Box  1666,  Johannes- 

burg, Z.A.R 

627  Slixx,  T.,  Plashetts  Colliery,  Falstone,  Northumberland 

628  Smailes,  Jxo.,  Hebburn  Colliery,  Newcastle-upon-Tyne 

629  Smart,  A.,  De  Beers  Mine,  Kimberley,  South  Africa 

630  Smith,  Eustace,  Xewcastle-upon-Tyne  

631*Smith,  R.  Clifford,  Ashford  Hall,  Bakewell 

632  Sopwith,  A.,  Cannock  Chase  Collieries,  near  Walsall 

633  Southern,  E.  0.,  Ashington  Colliery,  near  Morpeth 


634  Southerx,  R.,  Burleigh  House,  The  Parade,  Tredegarville, 

Cardiff 

635  Southworth,  Thos.,  Hindley  Green  Collieries,  near  Wigan 

636  Spargo,  Edmund,  3,  Cable  Street,  Liverpool 

6P>7  Sparkes,  J.  S.,  Highview  House,  Pucklechurch,  Gloucester- 
shire 
638  Spence,  R.  F.,  Backworth,  R.S.O.,  Northumberland 


639  Spencer,   Fraxcis   H.,   Bonanza   Gold   Mining   Company, 

Box  149,  Johannesburg,  Transvaal 

640  Spencer,  Johx,  Westgate  Road,  Newcastle-upon-Tyne 


Nov. 

24. 

1894 

July 

2 

1872 

June 

8, 

1895 

Feb. 

10, 

1894 

A.M. 

June  11, 

1887 

M. 

Aug. 

3, 

1889 

Dec. 

5, 

1S74 

Aug. 

6, 

1863 

S. 

Dec. 

5, 

1874 

A.M. 

Aug. 

L 

1885 

M. 

June 

8, 

1889 

Aug. 

3, 

1865 

May 

2 

1874 

June 

1 0, 

1893 

April 

9, 

1892 

S. 

Nov. 

2 

1878 

A.M. 

Aug. 

2, 

1884 

M. 

Aug. 

4, 

1889 

Dec. 

13, 

1890 

Dec. 

4, 

1869 
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641  Spencer,  John  W.,  Newburn,  near  Newcastle-upon-Tyne... 

642  Spencer,  T.,  Ryton,  Newcastle-upon-Tyne 

643  Spotswood,  G.  A.,  46,  Clarence  Street,  Kingston,  Ontario, 

Canada... 

644  Squire,  J.  B.,  297,  Clapham  Road,  London,  S.W 

645  Stansfeld,     Harold    Sinclair,     High    Hazels    Colliery, 

Darnall,  Sheffield       

646  Stanton,  John,  1 1  and  13,  William  Street,  New  York,  U.S.  A. 

647  Stanton,  Philip,  Throckley  Colliery,  Newcastle-upon-Tyne 


648  Steavenson,  A.  L. ,  Durham  (Past-President,  Member  of 

Council)  ...         ...         

649  Steavenson,  C.  H.,  Brotton  Mines,  Brotton,  R.S.O.,  York- 

shire 

650  Steele,  Wardle,  Willington  Colliery,  Co.  Durham 

651  Stephenson,  G.  R.,  Ben  Braich,  Tilehurst  Road,  Reading 

652  Stevens,  A.  J. ,  Uskside  Iron  Works,  Newport,  Monmouth- 

shire     ...         ...         ...         ...         ...         ••• 

653  Stevens,  James,  9,  Fenchurch  Avenue,  London,  E.C. 

654  Stewart,  Wm,,  Tillery  Collieries,  Abertillery,  Monmouth- 

shire 

655  Stobart,  F.,Biddick Hall,  Fence  Houses  


656  Stobart,  H.  T.,  Wearmouth  Colliery,  Sunderland 


657  Stobart,  W.,  Pepper  Arden,  Northallerton  

658  Stobart,  Wm.  Ryder,  Etherley  Lodge,  Darlington 

659  Stobbs,  J.  T.,  Walker  Colliery,  Walker-upon-Tyne 

660  Stoiber,  Edward  G.,  P.O.  Box  129,  Silverton,  Colorado, 

U.S.A 

661  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street 

662  Straker,  J.  H.,  Howden  Dene,  Corbridge-upon-Tyne 

663  Streatfield,  Huon  S.,  Ry hope,  near  Sunderland 

664  Stuart,  Donald  M.  D.,  Redland,  Bristol      

665  Sullivan,  C.  D.,  Bonang,  Delegate,  New  South  Wales 

666  Swallow,  J.,  Catchgate,  Annfield  Plain,  R.S.O.,  Co.  Dur- 

ham      ...         ...  •••         

667  Swallow,    R.    T.,    Simonside    House,    Simonside,    South 

Shields 

668  Swan,  H.  F.,  North  Jesmond,  Newcastle-upon-Tyne 

669  Swan,  J.  G.,  Upsall  Hall,  near  Middlesbrough         

670  Sykes,  Frank  K.,  Springwell  Villa,  Bishop  Auckland 


Date  of  Election 
and  of  Transfer. 

May    4,  1878 
Dec.     6,  1866 

Oct. 

13, 

1894 

June 

8, 

1895 

A.M. 

Oct. 

13, 

1888 

M. 

Aug. 
June 

3, 

8, 

1889 
1S95 

S, 

.  Dec. 

8, 

1888 

A. 

Aug. 

4, 

1894 

M. 

Aug. 

3, 

1S95 

Dec. 

6, 

1855 

S. 
A. 

April 
Aug. 

14, 
1, 

1883 
1891 

M. 

Aug. 

3, 

1S95 

April  27, 
Oct,      4, 

1895 
1860 

April 
Feb. 

8, 
14, 

1893 

1885 

June 

8, 

1895 

S. 

Aug. 

2 

1873 

A.M. 

Aug. 

5, 

1882 

M. 

June 

8, 

1889 

S. 

Oct, 

2, 

1880 

A.M. 

Aug. 

4, 

1888 

M. 

Aug. 

3, 

1889 

July 
Oct. 

12. 
11, 

1872 
1890 

Feb. 

13, 

1892 

A.M. 

Oct. 

12, 

1895 

M. 

Feb. 

15, 

1896 

S, 

.  Oct. 

6, 

1877 

A.M. 

Aug. 

1, 

1885 

M. 

Aug. 

3, 

1889 

Oct. 

3, 

1874 

A.M. 

June 

8, 

1889 

M. 

Aug. 
June 

3, 

8, 

1889 
1895 

Feb. 

9, 

1895 

May     2,  1874 


Feb. 

5, 

1863 

Sept. 

2 

1871 

Sept. 

2, 

1871 

S.  Feb. 

13, 

1886 

\l.  Feb. 

10, 

1894 
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671  Tate,  Simon,  Trimdon  Grange  Colliery.  Co.  Durham  ...  Sept.  11,  1875 

672  Tattley,  Wm.,  Taupiri  Extended  Coal  Mining  Co..  Ltd., 

lluntly,  Waikato,  New  Zealand    ...         ...         ...         ...  Aug.     3,  1895 

673  Taylor,  Hugh,  East   Holyvrell  Office,   Quay,  Newcastle- 

upon-Tyne 

674  Taylor,  T. ,  Quay,  Xewcastle-upon-Tyne 
(S75  Teasdale,  Thomas,  Middridge,  i*ia  Heighington,  R..S.O.  ... 
(576  Telford,  W.  H.,  Hedley  Hope  Collieries,  Tow  Law,  R.S.O., 

Co.  Durham    ... 


Sept. 

5,  1856 

July 

2,  1872 

April 

9,  1892 

s. 

Oct. 

3,  1S74 

A.M. 

Aug. 

6,  1881 

M. 

June 

8,  1889 

Aug. 

4,  1894 

June 

21,  1894 

677  Thomas,    Edward,    The   Shieling,  Auburn.  Sydney,  New 

South  Wales   ... 

67S  Thomas,  J.  J.,  Xewnham  Cottage,  Kendal 

679  Thompson,  Charles  Lacy,  Farlam  Hall,  Brampton  Junction,  A.M.  Feb.   10,  1883 

Cumberland M.  Aug.    3,  18S9 

650  Thompson",  Francis  Wm.,   15,  Wood  Street,  Bolton,  Lan- 

-hire  ... 

651  Thompson,  John  G.,  Bamfurlong,  Wigan      

652  Thompson,   W.  58,  New  Broad  Street,  London,  E.C. 

683  Thomson,  John,  Eston  Mines,  by  Middlesbrough    ... 

684  Thomson,  Jos.  F. ,  Manvers  Main  Colliery,  Rotherham 

655  Tinker,  J.  J.,  Hyde,  Manchester 

656  Todd,  John  T.,  Bedford  Lodge,  Bishop  Auckland   .. 


June 

8,  1895 

June 

8,  1895 

Aug. 

4,  18S8 

April 

7,  1877 

Feb. 

6,  1S75 

April 

9,  1892 

S.  Nov. 

4,  1S76 

A.M.  Aug. 

1,  1885 

M.  June 

8,  1889 

Oct. 

14,  1893 

Aug. 

6,  1892 

Aug. 

3,  1895 

April 

8,  1893 

6S7  Tonkin,  J.  J.,  Linares,  Provincia  de  Jaen,  Spain  ... 

688  Toczeaf,  E.  M.,  Leadenhall  Buildings,  Leadenhall  Street, 

London.  E.C 

6S9  Treadwell,  G.  A.,  Nevada  City,  California,  U.S.A. 

693  Trelease,  W.    Hen  wood,    Pesterena  United  Gold   Mining 

Company,  Limited,  Pestarena,  Vail  Anzasca.  Xovara, 

Italy      

691*Tyers,  John  E.,  Singareni  Collieries,  c/u  The  Hyderabad  A.M.  Dec.   10,  1877 

Deccan  Company,  Limited,  Secunderabad.  East  India...       M.  Aug.    3,  1889 

692  Tyzack,  D.,  Sunwick,  Chorlton-cum-Hardy Feb.   14,  1874 

693  Varty,    Thomas,    Skelton   Park   Mines,    Skelton,    R.S.O., 

Cleveland        Feb.    12,  1887 

694  Vaughan,   Cedric,   Hodbarrow  Hon  Ore    Mines,    Millom, 

Cumberland Dec.    10,  1892 

695  Veasey,  T.  F.,  5,  Copthall  Buildings,  London,  E.C.  ...  Oct.    12,  1S95 

696  Veasy,    Harvey   C  ,    Burrakar    Coal    Company,    Limited, 

Barakar,  Bengal,  East  India  June  21,  1894 

697  Vezin,  Henry  A.,  P.O.  Box  256,  Denver,  Colorado,  U.S.A.  June  21,  1894 

698  Vitanoef,  Geo.  X.,  Sophia,  Bulgaria A.M.  April 22,  1882 

M.  Aug.    3,  1889 

699  Vivian,  John,  Vivian's  Boring  and  Exploration  Company, 

Limited,  42,  Lowther  Street,  Whitehaven  March  3,  1877 

700  Waddle,  Hugh,   Llanmore   Iron   Works,   Llanelly,   South 

Wales  Dec.   13,  1S90 
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701  Wadham,  E.,  Millwood,  Dalton-in-Furness  ... 

702  Wales,  H.  T.,  Pontypridd,  South  Wales       

705  Walker,  J.   S.,  Pagefield  Iron  Works,  Wigan,  Lancashire 
Walker,  Thomas  A.,  Pagefield  Iron  Works.  Wigan 

70")  Walker,  W.,  Hawthorns,  Saltbnrn-by-the-Sea 

706  Walker,  Wis.,  Jim.,  H.M.  Inspector  of  Mines,  Durham  ... 

707  Walker,  William  Edward,  Lowther  Street,  Whitehaven 

708  Wall,  Henry,  Rowbottom  Square,  Wallgate,  Wigan 

709  Wallace,  Henry,  Trench  Hall,  Gateshead-upon-Tyne 

710  Wallau,  Jacob,  Messrs.  Black,  Hawthorn,  and  Co.,  Gates-  A. 

head-upon-Tyne 

711  Wallwork,  Jesse,  Haydock  Collieries,  near  St.  Helen's, 

Lancashire 

712  Walsh,  G.  Paton,  561,  Heireugracht,  Amsterdam.  Holland 

713  Walton,  J.   Coulthard,  Writhlington  Colliery,  Radstock, 

ma  Bath  ...         ...         ...         ...         ...         ...         ..    A. 

714  Walton,  Thomas,  Habergham  Colliery,  Burnley     ... 

715  Ward,  A.  H.,  c;o  Bengal  Coal  Company,  Limited,  Calcutta, 

India     ... 

716  Ward,  H.,  Rodbaston  Hall,  near  Penkridge,  Stafford 
717*Ward,  T.  H.,  Giridih,  E.I.  Rxilway,  Bengal,  India  ...  A. 

718  Watkyn-Thomas,  W.,  Workington A, 

719  Watson,  Edward,  South  Pelaw  Colliery,  Chester  de-Street 

720  Watson,  John.   Langlaate  Estate  and  Gold-mining  Com- 

pany, Limited,  P.O.  Box  98,  Johannesburg,  Transvaal 

721  Watson,  Thomas,  Trimdon  Colliery,  Trimdon  Grange 

722  Webster,  H.  Ingham,  Morton  House,  Fence  Houses  ...  A, 

723  Weeks,  Joseph  D.,  Pittsburg,  Pa.,  U.S. A 

724  Weeks,  J.  G.,  Bedlington,  R.S.O.,  Northumberland  (Vice- 

President,  Member  of  Council)     ... 

725  Weeks,  R.  L. ,  Williugton,  Co.  Durham  ( Member-  oj 'Council)  A 

726  Western,    C.     R.,    Broadway     Chambers,    Westminster, 

London,  S  W. ... 

727  White,  C.  E.,  Wellington  Terrace,  South  Shields 

A, 

728  White,  H.,  Walker  Colliery,  Newcastle-upon-Tyne 

729  White,    Henry   Bartlett,   P.O.    Box   24,   Johannesburg, 

Transvaal         ...  ...  ...  ...  ...  

730  White,  J.  F.,  Wakefield  

731  White,  I.  W.  II.,  Bedford  House,  Roundhay,  Leeds 

732  Whitehead,  J  as.  ,  Brindlc  Lodge,  near  Preston,  Lancashire 


Date  of  Election 
and  of  Transfer. 

Dec. 

7, 

bsii7 

Feb. 

11, 

1893 

Dec. 

4, 

1869 

June 

s, 

1895 

March  5, 

1870 

Aug. 

3, 

1889 

Nov. 

19, 

1881 

June 

8, 

1895 

Nov. 

2 

1872 

M. 

Dec. 

10. 

1887 

M. 

Aug. 

3, 

1889 

Feb. 

9, 

1895 

Nov. 

24, 

1894 

s 

Nov. 

7, 

1S74 

M. 

Aug. 

6, 

1881 

M. 

June 

8, 

1889 

Aug. 

3, 

1895 

April  14, 

1894 

Marc 

h6, 

1862 

M. 

Aug. 

5, 

18S2 

M. 

Aug. 

3, 

1889 

M. 

Feb. 

10, 

1883 

M 

Aug. 

3, 

1889 

S. 

Feb. 

13, 

1S92 

M 

Aug. 

4, 

1894 

A. 

Dec. 

12, 

1S91 

M. 

July 

14, 

1S96 

Oct. 

11, 

1S90 

M. 

April 

14, 

1883 

M. 

Aug. 

3, 

1889 

Aug. 

3, 

1895 

Feb. 

4, 

1865 

M. 

June 

10, 

1S82 

M. 

Aug. 

3, 

1889 

June 

10, 

1S93 

S. 

Nov. 

4, 

1876 

M. 

Aug. 

1, 

1885 

M. 

Aug. 

3, 

1889 

S 

March  2 

1867 

M. 

Aug. 

5, 

1871 

June 

8, 

1895 

s. 

July 

2, 

1S72 

M. 

Aug. 

o 

1873 

Sept. 

2 

1876 

Dec. 

4, 

1S75 
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733  Whitehead,  John  James,  5,  Cross  Street,  Manchester     ... 

7-54  Whitelaw,  John,  118,  George  Street,  Edinburgh 

735  Whittem,  Thos.  S.,  Wyken  Colliery,  near  Coventry 

736  Widdas,  C,  North  Bitchburn  Colliery,  Hovvden,  Darlington 

737  Wight,  Edwd.   S.,  Kiripaka,  near  Auckland,  New  Zealand 

738  Wight,  W.  H. ,  Cowpen  Colliery,  Blyth         

739  Wilcox,  Henry,  Miners'  Safety  Explosive  Works,  Stanford- 

le-hope,  Essex 

740  Williams,   Ernest,   P.O.   Box  965,  Bittelheim  Buildings, 

Simmonds  Street,  Johannesburg,  Transvaal 

741  Williams,    Gardner  F.,   De   Beers   Consolidated   Mines, 

Limited,  Kimberley,  South  Africa 

742  Williams,   H.  J.  Carnegie,  c/o  J.  McDonald,  43,  Thread- 

needle  Street,  London,  E.C. 

743  'Williamson,  W.  Duncan.  2a,  Providencia  No.  7,  City  of 

Mexico 

744  Wilson,    J.    B.,     Wiugiield    Iron    Works    and    Colliery, 

Alfreton 

745  Wilson,   Joseph  R.,   1001,   Chesnut  Street,  Philadelphia, 

U.S.A 

746  Wilson,  Lloyd,  Flimby  Colliery,  Maryport 

747  Wilson,  P.  0.,  Klerksdorp,  South  Africa      

748  Wilson,  W.  B.,  Thornley  Colliery,  Thornley,  R.S.O.,  Co. 

Durham 

749  Winchell,  Horace  V.,  1306,  S.E.  Seventh  Street,  Minne- 

apolis. Minn.,  U.S.A.  

750  Winstanley,  Robert,  28,  Deaiisgate,  Manchester 

751  Winter,  T.  B.,  Grey  Street,  Newcastle-upon-Tyne... 

752  Wood,  C.  L.,  Freeland,  Forgandenny,  Perthshire    ... 

753  Wood,  Ernest  Seymour,  c/o  The  Bengal  Coal  Company, 

Old  Court  House  Street,  Calcutta,  India 

754  Wood,  John,  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co.  Durham  ... 


755  Wood,  Lindsay,  The  Hermitage,  Chester-le-Street  (Past- 

President,  Jfembtr  of  Council)     ... 

756  Wood,  Thomas,   North   Hetton  Colliery  Orhce,  Moorsley, 

Hetton-le-Hole,  R.S.O 

757  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  Co.  Durham 

75S  Wood,  W.  O.,  South  Hetton,  Sunderland  (Vice-President, 

Member  of  Council)  ... 
759  Woodborne,  T.  J.,  De  Beers  Consolidated  Mining  Company, 

Limited,  Kimberley,  .South  Africa 
700  Woolcock,  J.  H.,  49,  Lowther  Street,  Whitehaven 

761  Wokmald,  C.  F.,  May  held  Villa,  Saltwell,  Gateshead-upon- 

Tyne 

762  Wrightson,  T.,  Stockton-upon-Tees 

763  Wynne,  T.  Trafford,  Stone,  Staffordshire 


Date  of  Election 
and  of  Transfer. 

s. 

Dec. 

12,  1S91 

M. 

Feb. 

15,  1896 

Feb. 

5,  1870 

Dec. 

5,  1874 

Dec. 

5,  1868 

..M. 

,  Dec. 

12,  1885 

M. 

Aug. 

3,  1889 

Feb. 

3,  1877 

June 

8,  1895 

Oct. 

10,  1891 

Oct. 

12,  1895 

Oct. 

12,  1895 

April 

27,  1895 

Nov. 

5,  1852 

Oct. 

12,  1895 

Jan. 

19,  1895 

Dec. 

9,  1893 

Feb.      6,  1869 


Nov. 

24, 

1S94 

Sept. 

7, 

1878 

Oct. 

7, 

1871 

Aug. 

3, 

1854 

Oct. 

10, 

1891 

s. 

June 

8, 

1889 

A, 

Aug. 

4, 

1S94 

M. 

Aug. 

3, 

1895 

Oct. 

1, 

1857 

S. 

Sept. 

3, 

1870 

M 

,  Aug. 

5, 

1871 

Aug. 

6, 

1S57 

Nov. 


1863 


Feb. 

JO, 

1894 

June 

10, 

1893 

.M. 

Dec. 

8, 

1883 

M. 

Aug. 

3, 

1889 

Sept. 

13, 

1873 

Oct. 

12, 

1895 
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Pate  of  Flection 
and  of  Transfer. 

764  Yeoman,    Thomas   P.,   Manager,   Bengal    Coal    Company's        S.  Feb.    14,  1SS5 

Collieries,  Laikdih,  via  Burrakur,  E.I. R.,  Bengal,  India      A.  Aug.    4,  1S94 

M.  Oct.    13,  1894 

765  Young,  John  A.,  7,  Tyne  Yale  Terrace,  Gateshead-upon-  A.M.  Dec.  10,  1887 

Tyne M.  Aug.    3,  1889 

766  Young,  John  Huntley.  Wearmouth  Colliery,  Sunderland  June  21,  1894 

767  Zumbuloglon,  G.  C.j  Mahmoudie-Han,  Stamboul,  Turkey       S.  Feb.   14,  1S91 

A.  Ang.     4,  1894 
M.  Aug.     3,  1895 


ASSOCIATE  MEMBERS. 

Marked  *  have  paid  life  composition. 


Date  of  Election 
and  of  1  rausfer. 


1  Ainsworth,   H.   S..   "Belvedere,"   Marine   Terrace,    Geraldton, 

\Yestern  Australia Feb.  15,1896 

2  Archibald,  John  Wilson,  Coolgardie.  Western  Australia        ...  Feb.  15,  1S96 

3  Armstrong,  J.  it.,  St.  Nicholas' Chambers,  Newcastle-upon-Tyne  Aug.  1,  1885 

4  Armstrong,  T.  J.,  Hawthorn  Terrace,  Newcastle-upon-Tyne    ...  Feb.  10,  1883 

5  Atkinson,    G.    B. ,    Prudential    Assurance    Buildings,    Mosley 

Street,  Ntwcastle-upon-Tyne       ...         ...         ...         ...         ...  Nov.  5,  1892 

6  Audus,   T.,  Mineral  Traffic  Manager,  North  Eastern  Railway, 

Newcastle-upon-Tyne         Aug.  7,  1S80 


Oct. 

13, 

1894 

Dec. 

9, 

1882 

Feb. 

9, 

1895 

7  Banyer,  B.  R. ,  School  of  Mines,  Kapunda,  South  Australia 

8*Bell,  Hugh,  Middlesbrough-upon-Tees 

9  Beneke,  G.,  70,  Gracechurch  Street,  London,  E.C. 

10  Bigge,  Edward  Ellison,  General  Mining  Association,  Dashwood 

House,  9,  New  Broad  Street,  London,  E.C.     Transactions, 

etc. ,  to  R.  H.  Brown,  Sydney  Mines.  Cape  Breton,  Nova  Scotia  Aug.      J ,  1 S91 

11  Blenkiron,  J.  Eunest,  3,  Albert  Terrace,  Middlesbrough-upon- 

Tees    Feb.    11,  1893 

12  Blue,  Archibald,  Bureau  of  Mines,  Toronto,  Ontario,  Canada...  Feb.    10,  1S94 

13  Burdon,  A.  E. ,  Hartford  House,  Cramlington,  Northumberland  Feb.    10,  1883 


14  Cat-ell,  Rev.  G.  M.,  Passenham  Rectory,  Stony  Stratford         ...  Oct.      8,  1S92 

15  Carr,  Arthur  D.,  Whickham  Rectory,  Whickfaam,  R.S.U.,  Co. 

Durham         Aug.     4,  1894 

16*Carr,   William  Cochkan,  Lower  Condercum,  Newcastle-upon- 
Tyne Oct.     11,1890 

17  Chapman,  C.  W. ,  The  Australian  Smelting  Company,  Limited, 

39,  Queen  Street,  Melbourne,  Australia  ...  Feb.    15,  1896 

18  Chewings,  Dr.  Charles,  Coolgardie,  Western  Australia  ...  April  25,  1896 

19  Cochrane,  Ralph  D. ,  Hetton  Colliery  Offices,  Fence  Houses    ...  June     1,  1878 

20  Cockburn,  W.  C,  1,  St.  Nicholas'  Buildings,  Newcastle-upon- 

Tyne  Oct.      8,  1887 

21  Cooper,  E.  F.  X.,  c,'o  The  Natal  Bank,  156  and  157,  Leadenhall 

Street,  London,  E.C Feb.    15,  1896 

22  Cooper,  R,  W.,  Newcastle-upon-Tyne         Sept.     4,  1S80 
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Date  of  Election 
and  of  Transfer. 

1892 


23  Dodds,  A.  P.,  13,  Dean  Street,  Newcastle-upon-Tyne      ...         ...  Nov.  5 

24  Duncan,  G.  T.,  96,  Brighton  Grove,  Newcastle-upon-Tyne         ..    Aug.  5 

25  Eccles,  Edward,  King  Street,  Newcastle-upon-Tyne      Oct.  13 

26  Edwards,  F.   H.,  Forth  House,  Bewick  Street,  Newcastle-upon- 

Tyne  June  11 

27  Foster,  T.  J.,  Coal  Exchange,  Scranton,  Pennsylvania,  U.S.     ...  Dec.  12 

28  Gue.  T.  R,  P.O.  Box  520,  Halifax,  Nova  Scotia Feb.  15 

29  Guthrie,  Reginald,  Neville  Hall,  Newcastle-upon-Tyne  (Trea- 

sures, Member  of  Council)            ...         ...         ...         ...         ...  Aug.  4 

30  Gwyn,  A    E.  W.,  114a,  Queen  Victoria  Street,  London,  E.G.    ...  Aug.  4 

31  Hedlet,  E.,  Rainhain  Lodge,  The  Avenue,  Beckenham,  Kent  ...  Dec.  2 

32  Hedley,  J.  Hunt,  John  Street,  Sunderland            June  13 

33  Heeley,  George,  34,  Oxford  Street,  Sheffield        Dec.  14 

34  Henderson,  C.  W.  C,  The  Riding,  Hexham          Dec.  9 

35  Henzell,  Robert,  Close,  Newcastle-upon-Tyne    ...         ...          ...  April  11 

36  Heyworth,  Colonel  Lawrence,  Ormsby  Hall,  Alford,  Lincoln- 

shire...          ...         ...         ...         ...         ...         ...         ...         ...  Dec.  14 

37  Hicks,  James,  Redruth,  Cornwall     April  14 

38  Hopper,  J.  I.,  Wire  Rope  Works,  Thornaby-upon-Tees Dec.  8 

39  Humble,    Stephen,    Jun.,    9,    Victoria    Street,    Westminster, 

London,  S.  W.          ...         ...         ...         ...         ...         ...         ...  Aug.  4 

40  Humphrevs-Davies,    G.,   8,    Laurence   Pountney   Hill,    Cannon 

Street,  London.  E.G.           ...         ...         ...         ...  Oct.  8 

41  Hunter,  C.  E. ,  Selaby  Park,  Darlington     April  27 

42  P Anson,  James,  Fairfield  House,  Darlington          Feb.  10 

43  Inman,  F.  L.,  Poste  Restante,  Johannesburg,  Transvaal            ...   Feb.  15 

44  Irvine,  J.  R. ,  Hendon  Ropery,  Sunderland            ...  Dec.  10 

45  James,  Henry  M.,  Colliery  Office,  Whitehaven     June  10 

46*Joicey,  James  John,  Sunniugdale  Park,  Berks Oct.  10 

47  Kirkup,  Frederic  O,  Bitchburn  Colliery,  Crook,  R.S.O.,      S.  April  9 

Co.  Durham A.M.  April  25 

4S  Krohn,  H.  A.,  103,  Cannon  Street,  London,  E.C.             Oct.  14 

49  L\rsen,    A..    The    Carbonite    Syndicate,    Limited,   24,   Queen 

Vic'oria  Street,  London,  E.C.     ...         ...         ...  April  27 

50  Middleton,  R.  J.,  Broad  Street  House,  London,  E.C Oct.  13 

51  Nason,  Frank  L.,  5,  Union  Street,  New  Brunswick,  New  Jersey  Aug.  4 

52  O'Donahue,  T.  A.,  35,  Princess  Street,  Wigan       Dec.  14 

53  Palmer,  A.  M. ,  1 ,  Jesmond  High  Terrace,  Newcastle-upon-Tyne  Nov.  24 

54  Patterson,  Wm.,  5,  Hardwicke  Terrace,  Gateshead-upon-Tyne...  Aug.  6 


1S93 

1894 

1887 

1891 

1896 

18S8 
1894 

1858 
1891 
1895 
1882 
1891 

1895 
1S94 

1888 

1894 

1892 
1895 

1894 
1896 
1887 

1893 
1891 

1892 
1S96 
1893 

1895 

1S94 

1S94 

1895 

1894 
1892 
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Date  of  Election 
and  of  Transfer. 


55  Pease,   Arthur,    Darlington.      Transactions   to  be  sent  to  the 

Librarian,  Ed.  Pease  Free  Library,  Darlington           ...         ...   Dee.  9,  1882 

56  Perkins,  Charles,  Gallowhill  Hall,  Newcastle-upon-Tyne  ...  Aug.  U,  1892 
;>7   Proctor,  John  H..  2-2,  Hawthorn  Terrace,  Newcastle-upon-Tyne  June  8,  1889 

58  Richter,  V..  Osborne  Villas.  Newcastle-upon-Tyne         ...         ...  Oct.  10,  1891 

59  Ridley.  J.  Cartmell,  3,  Summerhill  Grove,  Newcastle-upon-Tyne  Feb.  11,  1893 
00  Ridley,  Sir  Matthew  W.,  Bart.,  Blagdon,  Northumberland  ...  Feb.  10,  1883 
61  Ritson,  J.  Ridley.  Burnhope  C'ollery.  Lanchester 8.  April  11,  1891 

A.M.  Aug.  3,  1895 

li2  RoGERSON,  John  E.,  Oswald  House,  Durham          ...         ...         ...  June  S,  1895 

OS  Saunders,  <;.  15.,  Messrs.  Dawson,  Saunders,  and  Todd,  Maritime 

Buildings,  Xewcastle-upon-Tyne...         ...         ...         ...         ...  Jan.  19,  1895 

04  Shaw,  Saville,  Durham  College  of  Science,  Xewcastle-upon- 
Tyne             ,         April  13,  1889 

65  Smith,  C.  A..  20,  Alexandra  Place,  Newcastle-upon-Tyne           ...  Dec.  8,  1894 

66  Snowball,     Francis     John,     Seaton     Burn     House,    Dudley, 

Northumberland     Dec.  12,  1891 

67  Swinburne,  U.  P.,    c/o  R.  Chamberlain,  39,  Cadogan  Square, 

London,  S.W Aug.  4,  1894 

68  Taylor,  J.  Howard,  Coolgardie,  Western  Australia       ...          ...  Dec.  14,  1895 

69  Thom,  John,  Canal  Works,  Patricroft,  near  Manchester             ...  June  8,  1895 

70  Todd,  James.  Elvet  Bridge,  Durham...         ...         ...         ...         ...  Aug.  6,1892 

71  Wall,  G.  Young,  Halmote  Court  Office,  New  Exchequer  Build- 

ing, Durham Nov.  24,1894 

72  Walmseey,  O.-wald,  2,  Stone  Buildings,  Lincoln's  Inn,  London     June  8,  1895 

73  Watson,  Arthur,  Burnopfield,  Co.  Durham          Oct.  13,1894 

74  Weatherburn,  John,  14,  Stirling  Terrace,  Saltwell  Lane,  Gates- 

head-upon-Tyne       ...         ...         ...         ...         ...         ...         ...  Oct.  13,  1894 

75  Williams,    Richard,    The    Johnsons    Reef    Gold   Mines   Co., 

California  Gully,  Bendigo,  Australia     ...         ...         ...         ...  June  13,1896 

76  Wilson,  Arthur  P.,  Mansion  House  Chambers,  Queen  Victoria 

Street,  London,  E.C Aug.  3,  1889 

77  Wood,  E.  P.,  23,  Abbeville  Road,  Clapham,  London       ...         ...  Aug.  3,  1895 

78  Woodward,  Harry  P.,  c/o  Messrs.  Bewick,  Moreing,  and  Co., 

Coolgardie,  Western  Australia     ...         June  10,  1S93 


ASSOCIATES.  Date  of  Election 

and  of  Transfer. 

1  Bainbridge,  James,  North  Walbottle  Colliery,  Newcastle- 

upon-Tyne       June  10,  1893 

2  Baker,  George,  Bedlington  Colliery,  Bedlington,  R.S.O.  Aug.    3,  1895 

3  Barrass,  M.,  Tudhoe  Colliery,  Spennymoor S.  Feb.     9,  1884 

A.  Aug.     1,  1891 

4  Battey,  Thomas,  Percy  Terrace,  Backworth  Colliery        ...  Oct.    13,  1894 

5  Bell,  John,  Wardley  Colliery,  Newcastle-upon-Tyne         ...  Feb.     8,  1S90 
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6  Bell,  W.  Ralph,  Wearmouth  Colliery,  Sunderland 

7  Berry.  Thomas.  1,  Middleton,  Swalwell,  R.S.O 

8  Bolam,  J.  T.,  The  View,  Beamish,  Chester-le-Street 

9  Bowes,  Thomas,  Pontop House,  Annfield  Plain,  R.S.O. 

10  Bowman,    Frank,    Auckland   Park  Colliery,    near   Bishop 

Auckland 

11  Brown",    John,    13,    West   Street,    Brandon    Colliery,    Co. 

Durham 

12  Brown,  Robert  0. ,  Elswick  Collieries,  Newcastle-upon-Tyne 


13  Chandley,    Charles,    c  o   E.    Graham    Price,   Woodward 

Street,  Coolgardie,  Western  Australia 

14  Clark,  Thomas,  Dipton  Colliery,  Lintz  Green  Station 

15  Cockburn,  Evan,  Page  Bank  Colliery,  via  Spennymoor,  Co. 

Durham 

16  Cowell,  J.  Stanley,  Wearmouth  Colliery,  Sunderland     ... 

17  Cowx,   H.   F.,   Thornley  Collieries,  via   Trimdon   Grange, 

R.S.O .'. 

18  Crown,    William,    29,   Fifth    Row,    Ashington    Colliery, 

Morpeth  ..  


Date  of  Election 
ami  of  Transfer. 

Oct.  13,  1894 

Nov.  5.  1892 

Oct.  14,  1S93 

Feb.  13,  1892 

June    8,  1895 

Feb.    15,  1896 

S.  Oct.     8,  1S92 

A.  Aug.    3,  1895 

S.  Nov.    6,  1880 

A.  Aug.    3,  1889 

Oct.    11,  1890 

Aug.     5,  1893 
Oct.    13,  1S94 

April  14,  1S94 

April  14,  1894 


19  Dixon,  Joseph  A.,  Ellison  Road,  Dunston     Feb.   15,1896 

20  Dorm  and,  R.  B.,  Waldridge  Colliery,  Chester-le-Street     ...  Dec.     9,  1S93 

21  Draper,  William,  New  Seaham  Colliery,  .Sunderland        ...  Dec.    14,  1889 

22  Dunnett,  Samuel,  Cambois  Colliery,  Northumberland      ...  June     8,1895 

23  Eltrincham,  G. ,  Shiremoor  Colliery,  Newcastle-upon-Tyne  Dec.     8,  1S94 

24  Fairs,  John,  Escomb  Bridge,  Bishop  Auckland       ...         ...  Oct.     14,1893 

25  Fawcett.  Edward,  27,  Eastbourne  Gardens,  Walker-upon- 

Tyne     June  11,  1892 

26  Foster,    John    William,    24,    Silksworth    Terrace,    New 

Silksworth,  Sunderland        ...         ...         ...         ...         ...  Dec.    14,  1889 

27  Fryar,  John  William,  Seghill  Colliery,  Seghill,  Northum- 

berland               June  14,  1890 

28  Gordon,  George  Stoker,  Louisa  Terrace,  West  Stanley  ...  Feb.   15,  1896 

29  Griffiths,  Ed.,  Brymbo  Colliery,  near  Wrexham,  North 

Wales June  13,  1891 


30  Halbatjm,  H.  W.,  23,  Bateman  Street.  Derby  June    8,  1895 

31  Harle,  R.  A.,  Wallsend  Colliery,  Wallsend-upon-Tyne     ...  April  14,  1894 

32  Hedley,  A.  M.,  Medomsley,  R.S.O.,  Co.  Durham Nov.  24,  1894 

S3  Henderson,  William,  Wheatley  Hill  Colliery,  via  Trimdon 

Grange Aug.     5,1893 

34  Henry,  James,  Howgill  Staith,  Whitehaven  June     8,  1895 

35  Hepburn,  Thomas,  The  Firs,  Langley  Park,  Durham         ...  Feb.     8,  1890 

36  Herron,  Edward,  Holly  Terrace,  Stanley,  R.S.O Feb.    15,  1896 

37  Hindmarch,  John,  Isabella  Pit,  Newsham,  Blyth Aug.    3,  1S95 


xliv 
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38  Hobson,  Moses,  Shildon,  via  Darlington       

39  Hodgson,  E.,  Black  Boy  Colliery,  Bishop  Auckland 

40  Hunter,   Christopher,  18,  Stanley  Street,  Blyth,  North- 

umberland 

41  James,  Alexander  A.,  Croxclale,  near  Durham       

42  Johnson.  William.  Framwellgate  Moor,  Durham    

43  Lightley,    John,    Shiremoor     Colliery,     Northumberland 

44  Linhav,  Robert,  3,  Sevastopol  Terrace,   Seaham  Harbour 

45  Love,  Wm.  Allen,  Cornsay  Colliery,  Co.  Durham 

46  MacKixlay,   Edward,  East  Stanley  Colliery,   Chester-le- 

Street    ... 

47  Mackintosh,  Thos.,  Watt's  Farm,  Blyth      

4S  Mason,   Benj.,   Burnopfield  Colliery,  Burnopfield,  R.S.O., 

Co.  Durham     .. 

49  Milburx,  Wm.,  Cornsay  House,  Cornsay,  Durham... 

50  Miller,  J.  H.,  South  Hetton,  Sunderland     

51  Minto,  George  William,  Chapel  Row,  Ouston,  Chester-le- 

Street    ... 

52  Mordy,  Wm.,  Shelton  Iron,  Steel,  and  Coal  Co.,  Limited, 

Stoke-upon-Trent 

53  Xaisbit,  John,  No.  48,  Tudhoe  Colliery,  Spennymoor 

54  Nicholson,  A.  I).,  Lane  Ends,  Hetton-le-Hole,  R.S.O.,  Co. 

Durham 

~>o  Parkixsox,  W. ,  6,  Ivy  Terrace,  South  Moor,  Chester-le-Street 

56  Pattersox,  Thomas,  Craghead,  Chester-le-Street     

57  Pedelty.  Simox,  Clara  Vale.  Ryton-upon-Tyne        

55  Pratt,  G.  Ross,  Springwell  Colliery,  Gateshead-upon-Tyne 
59  Proctor,  Thos.,  Ashington  Colliery,  Northumberland 

CO  Ramsay,  Johx,  Tursdale  Colliery,  Ferryhill 

61  Ramsay,  J.  G. ,  Page  Bank  Colliery,  via  Spennymoor,  Co. 

Durham 

62  Ridley,  Geo.  D. ,  Tudhoe  Colliery,  Spennymoor 

63  Rivers,  Johx,  Front  Street,  Tudhoe  Colliery,  Spennymoor 

64  Robsox,   Robert,  2,  Thornley  Terrace,  Tow  Law,  R.S.O., 

Co.  Durham    ... 

65  Robsox,  William,  Jun.,  Tow  Law,  R.S.O. ,  Co.  Durham   ... 

66  Scott,  E.  Charlton,  Rainton  Colliery.  Fence  Houses 

67  Severs,  William,  Beamish  View,  via  Chester-le-Street 

63  Shaw,    Johx,    The   Dolcoath    Mine,    Limited,    Camborne, 
Cornwall  ...         ...         

69  SorTiiERN,  John,  Heworth  Colliery,  Newcastle-upon-Tyne 

70  Southerx,  Joseph  C,  Houghton  Colliery,  Fence  Houses... 

71  Spry,  Johx,  Murton  Colliery,  Durham  


Date  <>f  Election 
aud  of  Transfer. 

Aug.  5,  1S93 

Aug.  6,  1892 

Dec.  10,  1892 

June  10,  1893 
Aug.  6,  1892 

April  25,  1896 
Dec.  8,  1894 
June  8,  1895 


June  11,  1892 
April  11,  1891 

April  11,  1891 
June  8,  1895 
Dec.  8,  1894 

Oct.  10,  1891 
S.  April  11,  1891 
A.  Aug.  3,  1895 

April  27,  1895 
S.  June  13,  1885 
A.  Aug.  4,  1894 

June  13,  1891 
S.  April  13,  1889 
A.  Aug,  4,  1894 
Dec.  10,  1892 
June  S,  1S95 
Oct.  13,  1894 

April  27,  1S95 

Dec.  10,  1892 
Feb.  8,  1890 
Feb.   9,  1895 

Oct.  12,  1S95 

S.  June  11,  1892 

A.  Aug.  3,  1895 

Oct.   8,  1892 

Nov.  5,  1892 

April  11,  1891 
Dec.  14,  1889 
Oct.  13,  1894 
Feb.  11.  1893 
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72  Stephenson,  William,  Garesfield  Colliery,  Lintz  Green    ... 

73  Stokoe,   James,    7,    North    Street,    Murton   Colliery,    via 

Sunderland 

74  Swallow,  F.  C,  Simonside  House,  Siinonside,  South  Shields 

75  Tabbttck,  Harold,  102,  Kennington  Avenue,  Ashley  Down, 

Bristol  ...         ...         

76  Thompson,  John  W. ,  Back  worth  Colliery,  Newcastle-upon- 

Tyne      

77  Thompson'.  Joseph,  12,  The  Avenue,  Murton  Colliery 
7S  Turner.  George,  Cornsay  Colliery,  Co.  Durham     ... 

79  Urwin,  John,  Inkerman  House,  Usworth  Colliery 


Date  of  Election 
ami  of  Transfer. 

Dec.  13,  1890 


Nov.  24,  1S94 
April  14  1S94 


Feb.  15,  1896 

June  10,  1S93 
April  S,  1S93 
June,   8,  1895 

Feb.   15,  1S96 


80  Wallett,    T.,    94,    Charlton's    Terrace,    Guisbro',   R.S.O., 

Yorkshire        Feb.    10,  1894 

SI  Walton,  Matthew,  Dearham  Colliery,  Carlisle         ..         ...  Dec.   14,  1889 

82  Watson,  Thomas,  East  Hedley  Hope,  Tow  Law,  R.S.O.  ...  Aug.    3,  1895 

83  Wilson,  R.  G.,  Pelton  Colliery,  Chester-le  Street    Aug.     6,1892 


STUDENTS. 

Date  of  Election. 

1  Allport,  E.  A.,  Thorbrook  Road,  Daybrook,  near  Nottingham...  April  14,  1894 

2  Archer,  M.  W.,  Victoria  Garesfield,  Lintz  Green,  Co.  Durham     June  8,  1895 

3  Booth,  F.  L.,  Ashington  Colliery,  Morpeth            Feb.  10,  1S94 

4  Berne,  Cecil  A.,  South  Hetton  Colliery,  near  Sunder' and        ...  Aug.  4,  1894 

5  Chaplin,   G.  P.,  Durham  College  of  Science,  Newcastle-upon- 

Tyne              Feb.  15,  1896 

6  Clifford,  E.  Herbert,  24,  Gledstanes  Road,  West  Kensington. 

London,  S.W.          Oct,  13,1894 

7  Cowan,  H.  D.,  Elswick  Collieries,  Newcastle-upon-Tyne            ...  Jan.  19,  1895 

8  Davy,  G.  C.  H.,  Manvers  Main  Colliery,  Wath,  near  Rotherham  June  21,  1894 

9  Denton,  John,  Netherseal  Colliery.  Burton-upon-Trent June  21,1894 

10  Douglas,  David,   East  Hetton  Colliery,   Coxhoe,   R.S.O. ,    Co. 

Durham Aug.  1,  1891 

11  Falcon,  Michael,  23,  Cemetery  Road,  Treorchy,  South  Wales  ..  Oct.  13,  1S94 

12  Forster,  J.  H.  B.,  Hetton  Colliery,  Hetton-le-Hole,  R.S.O.,  Co. 

Durham         Nov.  24,  1894 


13  Greene,    Chas.    C,    South    Durham    Colliery,    Eldon,    Bishop 

Auckland  Feb.    15,  1896 

14  Griffith,  N.  M. ,  c/o  Broughton  and  Plas  Power  Coal  Company, 

Limited,  Wrexham Nov.    24,  1894 

15  Hetherington,  J.  R.,  c'o  Mr.  Burnley,  Sisters  Villas,  Garforth 

Colliery,  near  Leeds  Aug.     4,  1894 
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Date  of  Election. 

16  Lmeson,  J.  A.,  Wearmouth  Colliery,  Sunderland Oct,  13,  1894 

17  JoSKS,  Wm.j  Triindon  Grange  Colliery,  Trimdon  Grange,  R.S.O., 

Co.  Durham Aug.  4.1894 

IS  Kino.  Fred.  South  Farm.  Cramlmgton,  Northumberland            ...  Oct.  8.  1892 

19  Kiekup,  Austin,  Bunker  Bill,  near  Fence  Houses           April  9,  1892 

20  Latimer,  Hr«H,  South  Durham  Colliery,  Eldon,  Bishop  Auckland  Feb.  15,  1896 

21  Lishman,  T.  A.,  The  Tower,  Durham           Nov.  24,1894 

22  LiTTjJEJOHN,  Albert,  "Hawthorn,"  Manly,  Sydney,  New  South 

Wales            Nov.  24,  1894 

23  McGowax,  Ernest,  Wearmouth  Colliery.  Sunderland     Oct.  13,1894 

24  Mascall.  W.  H..  Joanroyd  Colliery,  Heckmondwike       Nov.  5.  1892 

25  Middleton.  H.  W. ,  Trimdon  Grange  Colliery,  Trimdon  Grange. 

R.S.O.,  Co.  Durham           Aug.  4,  1S94 

26  MrsoROVE.  Wm..  Throckley  Colliery  Office,  Throckley  Colliery, 

near  Newcastle-upon-Tyne           ...         ...         ...           ..         ...  June  8,  1S95 

27  Neasham.  Philip,  Park  View,  Leadgate,  Co.  Durham     Nov.  24,  1894 

28  Nisbet,  Norman,  East  Tanfield.  Tantobie,  R.S.O..  Durham       ...  Nov.  24,  1S94 

29  >"oble,  Axgernon.  Broomhill  Colliery,  Acklington           ...         ...  Oct.  14,  1893 

30  Parrixgtox,  T.  E..  Holywell  Hall,  Durham          Aug.  3,1895 

31  Pkel,  J.  W.,  Coundon,  Bishop  Auckland Aug.  4,  1894 

32  Raine,  Fred.  J.,  Cornsay  Colliery,  Co.  Durham Feb.  15.  1896 

33  Sample,  J.  B.,   South  Tanfield  Colliery,  Stanley,  R.S.O..  New- 

castle-upon-Tyne     ...         ...         ...         ...         ...  Jan.  19,  1895 

34  Severs,  Jonathan".  Stanley.  R.S.O..  Newcastle-upon-Tyne       ...  June  8,  1895 

35  SherweN,  J.  H. ,  Whitehaven  Collieries,  Whitehaven      ...           ..  Dec.  S,  1894 

36  Simpson,  Nelsox  Ashbridge,  Bradley  Hall,  Wylam-upon-Tyue  Aug.  1,  1891 

37  Simpson,  R.  R.,  11,  Haldane  Terrace,  Jesmond.  Xewcastle-upon- 

Tyne Aug.  3,  1895 

38  Simpson,    Thos.   V.,    Heworth    Colliery,    Felling,    R.S.O.,   Co. 

Durham         Dec.  14,  1895 

39  Southern,     Stephen,     Heworth     Colliery,     Felling,     R.S.O., 

Co.  Durham Dec.  14,1895 

40  Stratton,  H.  S.,  Cramlington  Collieries,  Northumberland         ...  Feb.  9,  18P5 

41  Swallow,  W.  A.,  Bushblades  House,  Lint z  Green           ...         ...  Dec.  9,  1S93 

42  Tate,  W.  0.,  Trimdon  Grange,  Co.  Durham           Oct.  12,  1895 

43  Thornton,  Norman,  Pelton  Village,  Pelton  Fell April  27,  1895 

44  Wall.  (George,  St.  Helens  Colliery,  Bishop  Auckland     ...         ...   Nov.  5.  1S92 

45  Waters.  Edward,  Throckley  Colliery.  Newcastle-upon-Tyne   ...  April  14,  1S94 

46  Willis,  Henry  Stevenson,  Whickham,  R.S.O.,  Co.  Durham  ...  Feb.  13,  1892 
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SUBSCRIBERS. 

1  Owners  of  Ashington  Colliery,  Newcastle-upon-Tyne. 

2  Birtlet  Iron  Company  (3),  Birtley. 

3  Bridoewater  Trustees  (2),  Bridgewater  Offices,   Walkden,  Bolton-le-Moors, 

Lancashire. 
■I  M  irquess  OF  Bote.  Bute  Estate  Offices,  Aberdare,  South  Wales. 

5  BUTTERKNOWLE  COLLIERY  COMPANY.  Darlington. 

6  Cowpen  Coal  Company,  Limited  (2),  F,  King  Street,  Newcastle-upon-Tyne. 

7  Earl  op  Dorh  lm  (5),  Lambton  Offices,  Fence  Houses. 

S  Elswick  Coal  Company,  Limited.  Newcastle-upon-Tyne. 

9  Haswell  Coal  Company  (2),  Haswell  Colliery,  Haswell,  via  Sunderland. 

10  Hetton  Coal  Company  (5),  Fence  Houses. 

11  Hutton  Henry  .Coal  Company,  Limited,  7,  Bondgate,  Darlington. 

12  Marquis  of  Londonderry  (5),  c/o  V.  YV.  Corbett,  Esq.,  Londonderry  Offices, 

Seaham  Harbour. 

13  Mills,  John,  and  Sons,  Limited,  23,  Collingwood  Street,  Newcastle-upon-Tyne. 

14  North  Brancepeth  Coal  Company,  Limited,  Crown  Street  Chambers,  Dar- 

lington. 

15  Owners  of  North  Hetton  Colliery  (3),  Fence  Houses. 

16  R-YHOPE  Coal  Company  (2),  Ryhope  Colliery,  near  Sunderland. 

17  Owners  of  Seghill  Colliery,  Seghill,  Northumberland. 

18  Owners  of  South  Hetton  and   Morton  Collieries  (2),  50,  John  Street, 

Sunderland. 

19  Owners  of  Stella  Colliery,  Hedgefield,  Blaydon-upon-Tyue. 

20  Owners  of  Throckley  Colliery,  Newcastle-upon-Tyne. 

21  Owners  of  Victoria  Garesfield  Colliery",  c/o  George  Peile,  Esq.,  Shotley 

Bridge,  Co.  Durham. 

22  Owners  of  Wearmouth  Colliery  (2),  Sunderland. 

23  Westfort  Coal  Company.  Limited  (2),  Manager.  Dunedin,  New  Zealand. 


ENUMERATION. 

August  1, 1896. 

Honorary-  Members      23 

Members 767 

Associate  Members       78 

Associates            83 

Students              46 

Subscribers          23 

Total      1,020 


Members  are  desired  to  communicate  all  changes  of  address,  or  any  corrections  or 
omissions  in  the  list  of  names,  to  the  Secretary. 
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LIST   OF   COMMITTEES. 


NORTH  OF  ENGLAND  INSTITUTE 


MINING      AND     MECHANICAL     ENGINEERS, 


LIST  OF  COMMITTEES,  1896-97. 


N.I3.  —The  President  is  ex  officio  on  all  Committees. 
Finai, <<   GommitU  > . 


Mr.  T.  W.  Benson. 
Mr.  J.  Daglish. 
Mr.  G.  B.  Foestbb. 

Mr.  J.  B.   Simpson*. 


Mr.  W.  Cochrane. 
Mr.  T.  Douglas. 
Mr.  J.  L    Hedley. 
Mr.  J.  G.   Weeks. 
Mr.  Lindsay  Wood. 


Mr.  H.  Ayton. 
Mr.  T.  E.  Forster. 
Mr.   T.  0.  Robson. 


Mr.  T.  W.  AsoriTH. 
Mr.    W.  C.   Blackett. 
Mr.  G.  B.  Forster. 
Mr.  T.  Y.  Greener. 
Mr.  J.  Morison. 


Library  Committee. 

Mr.  G.  B.  Forster. 
Mr.  J.  H.  Meriyale. 
Mr.  Lindsay  Wood. 


Prizes  Committee. 


Mr.  T.   W.  Benson. 
Mr.  W.  Cochrane. 
Mr.  T.  E    Forster. 
Mr.  J.  H.  Meriyale. 
Mr.  J.  B.  Simpson. 


Mr.  H.  Ayton. 
Mr.  W.  Cochrane. 
Mr.  J.  L.  Hedley. 
Mr.  H.  Palmer. 
Mr.  J.  B.  Simpson. 


A  rrea  rs  Comm  it  tee. 


Mr.  T.  W.  Benson. 

Mr.  (r.   15.  Forster. 

Mr.  A.  C.  Kayll. 

Mr.  Pv.    PvOBINSON. 

Mr.  S.  Tate. 


Mr.   W.  Armstrong,  Jun. 
Mr.  G.  B.  Forster. 
Mr.  A.  L.  Steayenson. 
Mr.  R.  L.  Weeks. 


Reference  Committee  for  Papers  to  Bead. 

(a)  Coal  Minimi. 

Mr.   T.   W.  Asquith. 
Mr.  J.   Morison. 
Mr.  J.  G.  Weeks. 
Mr.  Lindsay  Wood. 
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Mr.  T.  W.  Benson. 

Mr.    W.    COCHRANE. 

Mr.  T.  0.  Robson. 


(b)  Metalliferous  Mining. 

Mr.  T.  J.  Bewick. 

Mr.  H.  Louis. 

Mr.  A.  L.  Steayenson. 


('•)  Geological. 


Mr.  W.  C.  Blackett. 

Mr.  T.  Heppell. 
Mr.  H.  Louis. 


Mr.  J.  L.  Hedley. 
Mr.  T.   Lishman. 
Mr.   J.  H.   Mekivale. 


(d)  Mechanical  Engineering. 

Mr.  H.  Armstrong.  Mr.  W.  Armstrong,  Jun. 

Mr.  T.  W.   A-quith. 


Mr.  H.  Lawrence. 
Mr.  C.  C.  Leach. 
Mr.  J.  H.  Meriv.ale. 
Mr.  J.  G.  "Weeks. 


Mr.  W.  Cochrane. 
Mr.  W.  G.  Laws. 
Mr.  T.  Lishman. 
Hon.  C.  A.  Parsons. 
Mr.  R.  L.   Weeks. 


Mr.  T.  J.  Bewick. 
Mr.  W.  G.  Laws. 


(e)  Civil  Engineering. 

Mr.    T.    E.    FORSTER, 

Mr.  A.  M.  Totter. 
Mr.  J.  B.  Simpson. 


(f)  Chemical. 

Dr.  P.  P.  Bedson.  I  Sir  Lowthian  Bell. 

Mr.   W.  Cochrane. 


Mr.  W.  Armstrong,  Jun 
Mr.  T.  Forster  Brown. 
Mr.  G.  B.  Forster. 
Mr.  A.  S    Herschel. 
Mr.  J.  H.  Mkrivale. 
Mr.  H.  Stroud. 


Fan  Ventilation  Committee. 

Mr.  M.  Walton  Brown. 

Mr.  J.  Daglish. 

Mr.  W.  Garnett. 

Mr.   G.   May. 

Mr.  A.  L.  Steavenson. 

Mr.  Lindsay  Wood. 


Sections  and  Borings  Publication  Committee. 

Mr.  H.  Ayton.  Mr.  J.  B.  Simpson. 

Mr.  F.  Coulson.  Mr.  S.  C.  Crone. 

Mr.  A.   C.  Kayll.  Mr.  T.  0.   Robson. 

Mr.  W.   Walker,  Jun. 


LIST    OF   TRANSACTIONS   AND   JOURNALS. 


NORTH    OF    ENGLAND    INSTITUTE    OF    MINING     AX  I) 
MECHANICAL    ENGINEERS. 


LIST  OF  TRANSACTIONS   AND  JOURNALS  OF  SOCIETIES,  Etc., 
IN  THE  LIBRARY. 

*  Exchanges.  t  Exchanges.  {  Presented. 

*Academie  Royale  dea  Sciences,  des  Lettres  et  des   Beaux-Arts  de  Belgique,   Brussels. 
Annuaire,  complete  from  1882.     Bulletin,  complete  from  vol.  iii. 
Acts  of  Parliament. 
*American  Academy  of  Arts  and  Sciences,  Boston.     Memoirs,  complete  to  vol.  xii. ,  part 

1,  1893.     Proceedings,  complete. 
^American  Engineer  and  Railroad  Journal,  New  York,  vol.  lxiv.,  and  vols,  lxvii.,  Ixviii., 

and  lxix.,  incomplete. 
•American  Institute  of  Mining  Engineers,  New  York  City.     Transactions,  complete. 
^American  Machinist,  New  York,  1891  and  1895. 

'American  Society  of  Civil  Engineers,  New  York  City.     Proceedings,  complete.     Trans- 
actions, complete. 
•American  Society  of  Mechanical  Engineers,  New  York  City.     Transactions,  complete. 
*Annales  des  Mines,  Paris.     Me'moires,  complete  except  series  2,  3,  and  4.    Lois,  Decrets, 

etc.,  complete,  except  series  1,  2,  3,  and  4. 
tAnnales  des  Mines  de  Belgique,  Brussels.     Memoires,  complete. 
•Annales  des  Ponts  et  Chausse'es,  Paris.     Me'moires  et  Documents,  complete  from  series 

6.     Lois,  De'crets,  etc.,  complete  from  series  6.    Personnel,  complete  from  1881. 
*Annales  des  Travaux  Publics  de  Belgique,  Brussels.  Complete,  except  vols.  vii.  and  viii. 
Arms  and  Explosives,  London.     Complete. 
Association   des   Inge'nieurs  sortis  de   TEcole   de   Liege,    Liege.     Annuaire,    complete. 

Bulletin,  complete. 
Association   of  Engineering  Societies,    Philadelphia.     Journal,  vols,  ii.-vi.,  and  viii. -xv. 
*Atti  della'  Societa  Toscana  di   Scienze   Natural!,   Pisa.     Memorie,  complete.     Processi 

Verbali,  complete. 
•Australasian  Association  for  the  Advancement  of  Science,  Sydney,  New  South  Wales. 

Reports,  complete  to  1893. 
*Barrow  Naturalists'  Field  Club,  Barrow.     Complete,  vols.  i.-x. 
Berg-   und    Huttenmannisches    Jahrbuch   der    Bergakademien    zu    Leoben   und    Pri- 
bram und  der  Koniglich-ungarischen  Bergakademie  zu  Schemnitz,  Vienna.     Com- 
plete from  vol.  xxxi. 
Berg-  und  Huettenmannische  Zeitung,  Leipzig.     Complete  from  vol.  xlii. 
•Birmingham  Philosophical  Society,  Birmingham.     Proceedings,  complete. 
Board  of  Trade  Journal,  London.     Complete. 

Boiler  Explosions  Acts,  1882  and  1890,  London.     Reports,  complete. 
■[•British  Association  for  the  Advancement  of  Science      Complete  from  1831. 
•British  Society  of  Mining  Students,  Cinderford.     Journal,  complete  from  vol.  ix. 

Brown's  Export  List,  Newcastle-upon-Tyne.     Complete  from  1853. 
^California  State  Mining  Bureau,  Sacramento.     Annual  Reports  of  the  State  Mineral- 
ogist,    oth  to  11th. 
•Canadian   Institute,   Toronto.     Annual  Reports,   complete   from   1S87.      Transactions 
complete,  except  yearly  volumes  for  18b7,  1869,  1870,  1872,  and  1874-1883. 
Canadian  Mining  Review,  Ottawa.     Complete  from  vol.  ix. 
Cassier's  Magazine,  London.     Complete  from  vol.  viii. 
•Chesterfield  and  Midland  Counties  Institution  of  Engineers,  Chesterfield.    Transactions, 
complete. 


LIST   OF   TRANSACTIONS   AND   JOURNALS.  H 

'Cleveland  Institution  of  Engineers,  Middlesbro'.     Proceedings,  complete. 

+Coal  and  Iron,  London,  vols,  iii.-v. 

^Colliery  Engineer,  Scranton,  Pennsylvania.     Complete  from  vol.  viii. 

Colliery  Guardian,  London.     Complete  from  vol.  ii.,  except  vols.  ix.  to  xiii. 
JColliery  Manager,  London.     Complete,  except  Xos.  20.  22,  23,  and  24. 
'Colonial  Museum  and  Geological  Survey  of  New  Zealand,  Wellington.     Manual  of  the 
New   Zealand    Coleoptera,    by   T.    Broun,    complete,    parts    1-7.       Meteorological 
Reports,  except  for  1881,  1886,  1SS7, 1888,  1889, 1890,  and  1891.    Studies  in  Biology 
for  New  Zealand  Students,  18S7,  parts  1  and  2.     Palaeontology  of  New  Zealand  for 
1SS0,  parts  1,  2,  and  3,  and  all  after  4. 
*Connecticut  Aca  lercy  of  Arts  and  Science,  Xew  Haven.    Transactions,  complete,  except 

title-page  and  index  to  vol.  iv. 
^Contract  Journal  and  Specification  Record,  London.     Complete  from  vol.  v. 
Digest  of  Physical  Tests  and  Laboratory  Practice,  Philadelphia.     Vol.  L,  parts  1-3. 
Dinglers  Polytechnisches  Journal,  Stuttgart.     Complete  from  vol.  ccxlvii. 
JDurkam  University  Calendar,  Durham.     Complete,  from  1873,  except  for  the   years 
1876,  1881,  1883,  and  1S91. 
Engineer,  London.     Complete,  except  vols,  xxvii.  to  xxxii. 
'Engineering  Association  of  Xew  South  "Wales,  Sydney.     Minutes  of  Proceedings,  com- 
plete. 
'Engineering,  Loudon.     Complete,  except  vols.  i.  and  ii.  and  vii.  to  xii. 

Engineering  Magazine,  Chicago.     Complete. 
*Engineering  and  Mining  Journal,  Xev  York.     Complete,  from  vol.  xx. 

Engineering  Review,  London.     Complete. 
'Engineers'  Club  of  Philadelphia,  Philadelphia.     Proceedings,  complete. 
^Engineers'  Gazette,  London.     Vols.  ix.  and  x. 
Foreign  Office  Reports,  London.     Complete. 
tFranklin    Institute   of  the  State  of   Pennsylvania,  Philadelphia.      Journal,   complete 
from  vol.  Iv..  except  vol.  cxviii.,  part  6. 
Gas  Institute,  London.     Transactions,  complete  to  1889. 
fGeneral  Mining  Association  of  the  Province  of  Quebec.     Journal,  vol.  i.,  1891-93. 
*Geological  Institution  of  the  University  of  Upsala,  Cpsala.     Bulletin,  complete. 
*Geological  and  Xatural  History  Survey  of  Canada.  Montreal.    Complete,  except  Mesozoic 
Fossils,  vol.  i.,  part  4  ;  and  Pakeozoic  Fossils,  all  after  vol.  ii.,  part  1,  except  vol. 
iii  ,  part  1. 
'Geological  Society,  London.     Quarterly  Journal,  complete. 
'Geological  Society  of  Australasia.     Transactions,  vol.  i. .  parts  1  to  6,  18^2. 
'Geological  Survey  of  India,   Calcutta.     Memoirs,  complete  to  1885,  except  vol.  i.,  all 

except  part  3  ;  vol.  ii. ;  vol.  iii ,  all  except  part  2.     Records,  complete. 
'Geological  Survey  of  Iowa,  Des  Moines.     Annual  Reports,  i.-iv.,  1894. 
+Geological  Survey  of  Xew  South  Wdes,  Department  of  Mines,  Sydney.     Records,  com- 
plete. 
'Geological  Survey  of  Pennsylvania.  Philadelphia.     Complete  to  1891. 
'Geological  Survey  of  the  United  States,  Washington.     Annual  Reports,  complete  from 
vol.  iii.     Bulletin,  complete,  except  title-pages  and  indexes  for  a)l  volumes  after 
vol.  viii. 
'Geological  Survey  of  Victoria,  Melbourne.     Complete,  except  publications  after  Report 

of  Progress  for  1883. 
'Geologiska  FSrening.  Stockholm.     Forhandlingar,  complete. 
'Geologists'  Association,  London.     Proceedings,  complete. 
'Gliickauf,  Essen.     Complete,  except  vols.  i.  to  xviii. 
Hull   and  District  Institution  of   Engineers   and   Naval  Architects,  Hull.      Vols,   i., 
ii.,  and  iii.,  1888. 
flllinois  Mining  Institute,  Springfield.     Journal,  vols,  i.-iii. ,  1S95. 
^Indian  Engineering,  Calcutta.     Complete. 


lii  LIST   OF   TRANSACTIONS   AND   JOURNALS. 

Industries  and  Iron,  London.     Complete  from  vol.  xv. 
institution  of  Engineers  and  Shipbuilders  in  Scotland,  Glasgow.     Transactions,  com- 
plete, except  vol.  ii. 
•Institution  of  Civil  Engineers,  London.     Minutes  of  Proceedings,  complete. 
•Institution  of  Civil  Engineers  of  Ireland,  Dublin.     Transactions  complete,  except  vols. 

xxi.  and  xxii. 
•Institution  of  Mechauical  Engineers,  London.     Proceedings,  complete  from  1847. 
•(•Institution  of  Mining  and  Metallurgy,  London.     Transactions,  vols,  i.-iii.,  1895. 
•Institution  of  Naval  Architects  London.      Transactions,  complete  from  beginning. 

Iron  and  Coal  Trades  Review,  London.     Complete  from  vol.  iii. 
•Iron  and  Steel  Institute,  London.     Journal,  complete. 

•Jaarboek  van  het  Mijnwezen  in  Nederlandsch  Oost-Indie,  Amsterdam.     Complete. 
•Jahrbuch  fiir  das  Berg-  und  Hiittenwesen  im  Konigreiche  Sachsen,  Freiberg.      Complete, 

except  1878. 
•Kaiserliche  Akademie  der  Wissenschaften,  Vienna.     Sitzungsberichte,   complete  from 

vol.   xlix.,  except   Mathematik,    Physik,    Chemie,    etc.,  vols.    lx.    to  Ixviii.  ;    and 

Mineralogie,  Botanik,  Zoologie,  etc.,  vols,  lxiii.  to  Ixviii. 
*K6nigliche  Bayerische  Akademie  der  Wissenschaften,  Miinchen.     Abhandlungen  der 

Mithematisch-physikalischen  Olasse,  vols.  vi.  and  vii.     Sitzungsberichte.  complete. 
•Kaiserlich-koniglich  Geologische  Reichsanstalt,  Vienna.     Jahrbuch,  complete. 
•Kaiserlich  Leopoldinisch-Carolinische  Deutsche   Akademie  der    Naturforscher,   Halle. 

Complete  from  vol.  xxxvi.  to  lxiv.,  1895. 
•Koninklijk  Instituut  van  Ingenieurs,  's-gravenhage.     Complete. 
*K6niglich   Ungarische   Geologische    Anstalt,    Budapest.       Jahresberichte,    from   1882. 

Mittheilungen,  complete. 
JLabour  Gazette,  London.     Complete. 

iL'Echo  des  Mines  et  de  la  Me'tallurgie,  Paris.     Complete  from  1894. 
*Le  Ge'nie  Civil,  Paris.     Complete. 
•Liverpool  Engineering  Society,  Liverpool.     Complete. 
^Liverpool  Geological  Association,  Liverpool.     Transactions  complete  to  vol.  x.,  1890, 

except  vols.  iv.  and  viii. 
•Liverpool  Geological  Society,  Liverpool.     Complete. 
•L'Uhion  des  Charbonnages,  Mines  et  Usines  Me'tallurgiques  de  la  Province  de  Liege. 

Complete  from  1872. 
•Magyarhoni  Fijldtani  Tarsulat,  Budapest.     Foldtani  Kozlony,  complete. 
•Manchester  Association  of  Engineers,  Manchester.     Transactions,  complete  from  1887. 
•Manchester  Geographical  Society,  Manchester.     Journal,  complete  from  vol.  vi. 
fManchester  Geological  Society,  Manchester.     Transactions,  complete  except  vols,  iii., 

vii.,  and  ix. 
•Manchester  Literary  and  Philosophical  Society,  Manchester.     Memoirs,  complete  except 

all  volumes  in  first  series.     Proceedings,  complete. 
•Master  Car-Builders'  Association,  Chicago.     Proceedings,  complete  from  18S2  to  1893. 
•Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers,  Barnsley.     Transactions, 

complete. 
•Mineralogical  Society  of  Great  Britain  and  Ireland,  London.     Journal,  complete. 
Mineral  Statistics  of  the  United  Kingdom,  London.     Complete. 
Mines,  List  of  Plans  of  Abandoned  Mines,  London.     Complete. 
Mines,  List  of  Mines  Worked,  London.     Complete. 
•Mining  Association  and  Institute  of  Cornwall,  Camborne.     Transactions,  complete  to 

vol.  iv.,  part  1,  1893. 
•Mining  Institute  of  Scotland,  Hamilton.     Transactions,  complete. 

Mining  Journal,  London.     Complete  from  vol.  xviii. 
tMinir.g  Society  of  Nova  Scotia,  Halifax.     Transactions,  complete  to  vol.  iii.,  1895. 
•Natural   History   Society   of    Northumberland    and    Durham,    Newcastle-upon-Tyne. 

Complete. 
•Naturforschende  Gesellschaft  zu  Freiburg  im  Breisgau,  Freiburg.  Transactions,  complete. 
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Neues  Jahrbuch  fiir  Mineralogie,  Geologie,  und  raliiontologie,    Stuttgart.      Complete, 

except  Supplement,  part  1. 
Newcastle  Daily  Journal,  Newcastle-upon-Tyne.     Complete  from  March,  18G9. 
^Xewcastle-upon-Tyne  Union,  Newcastle-on-Tyne.     Statement  of  Accounts.     Complete, 

except  for  the  years  endiug  March  25,  1890,  March  25,  1891,  and  March  25,  1S92. 
fNew  South  Wales,  Annual  Report  of   the   Department   of   Mines.      Complete   from 

1876. 
*New  York  Academy  of  Sciences,  New  York.     Transactions,  complete,  except  vol.  iii. 

Annals,  complete. 
*New  Zealand  Institute,  Wellington.     Transactions  and  Proceedings,  complete,  except 

vol.  ii.  (1S69),  vol.  iii.  (1870),  vol  iv.  (1871). 
New  Zealand  Mines  Department,  Wellington.     Reports,  complete. 
*Norsk  Teknisk  Tidsskrift,  udgivet  af  den  Norske  Ingenior-og  Arkitekt-Forening  og  den 

Polytekniske  Foreuiug,  Kristiania.     Complete  from  vol.  hi.,  except  vol.  viii.,  part  6  ; 

and  vol.  ix.,  parts  1,  2,  and  3. 
*North-East   Coast   Institution   of  Engineers   and  Shipbuilders,  Newcastle-upon-Tyne. 

Transactions,  complete. 
*North  Staffordshire  Institute  of  Mining  and  Mechanical  Engineers,  Newcastle-under- 

Lyme.     Transactions,  complete. 
*Nova  Scotia  Department  of  Mines,   Halifax.      Reports,   complete  to  1892,  except  for 

the  year  1870. 
*Nova  Scotian  Institute   of  Natural  Science,    Halifax,  N.S.     Proceedings  and  Transac- 
tions, vol.  vi.,  parts  1  and  4  ;  vol.  vii.,  parts  2,  3,  and  4 ;   vol.  viii.,  1894. 
"Oberhessische   Gesellschaft  fiir  Natur-  und  Heilkunde,   Giessen.        Comjuete,    except 

vol.  iii. 
Oesterreichische  Zeitschrift  fiir  Berg-uud  Hiittenwesen,  Vienna.     Complete  from  vol. 

xxxi. 
Official  Year  Book  of  Scientific  and  Learned  Societies,  London.     Complete  from  1S84. 
*Patents,  Illustrated  Official  Journal,  London.     Complete. 
^'Patents  and  Patentees  of  Victoria,  Melbourne.     Indexes,  complete  to  18S8. 
*Pennsylvania  State  College,  Centre  County,  Pennsylvania.     Mining  Bulletin,  vol.  L, 

Nos.  1-0;  vol.  ii.,  Nos.  1  and  2. 
*Philosophical  Society  of  Glasgow,  Glasgow.     Proceedings,  complete. 
^Practical  Engineer,  London.     Complete. 

*Reale  Comitate  Geologico  dTtalia,  Roma.     Bollettino,  complete,  except  vols.  iii.  and  iv. 
Reports  to  the  Secretary  of  the  Board  of  Trade  upon  the  Working  of  the  Boiler  Explo- 
sions Acts,  18S2  and  1890,  London.     Complete. 
Reports  of  H.M.  Inspectors  of  Mines,  London.      Co.npl3te. 

Revista  Minera,  Metalurgica.  y  de  Ingenieria,  Madrid.      Complete  from  vol.  xxxiv. 
Revue  de  la  Le'g.slation  des  Mines  en  France  et  en  Belgique,  Paris.     Complete  from 

1884. 
*Revue  Technique,  Paris.     Complete  from  1894. 
tRevue  Universelle  des  Mines,  de  la  Me'tallurgie,  etc.,  Liege.     Complete,  except  series  1, 

vol.  xiv.  (1863). 
^Rochester  Academy  of  Science,  Rochester.     Proceedings,  vol.  ii.,  parts  1-4. 
*Royal  Cornwall  Polytechnic  Society,  Falmouth.     Annual  Reports,  complete. 
*Royal  Dublin  Society,  Dublin.     Proceedings,  complete.     Transactions,  complete. 
*Royal  Geological  Society  of  Cornwall,  Penzance.     Transactions,  complete  from  vol.  v. 

to  vol.  xi. ,  except  parts  3,  6,  and  7. 
"Royal  Institution  of  Great  Britain,  London.     Proceedings,  complete.    • 
*Royal  Institute  of  British  Architects,  London.     Transactions,  complete  except  vol.  i., 

part  1,  1857   to   1862,    1S67  to  1870,    and  1873  to  1876.     Journal  of  Proceedings, 

complete  from  1881. 
"Royal  Institution  of  Cornwall,  Truro.     Journal,  complete  from  vol.  ii. 
*Royal  Scottish  Society  of  Arts,  Edinburgh.    Transactions,  complete  from  vol.  ix. 
*Royal  Society  of  Canada,  Montreal.     Proceedings  and  Transactions,  complete. 
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•Royal  Society  of  Edinburgh,  Edinburgh.     Proceedings,  complete  from  vol.  xi. 

Kuval  Society.  Loudon.     Proceedings,  complete. 
•Royal  Society  of  New  South  Wales,  Sydney.     Journal  and  Proceedings,  complete  from 

vol.  vii. 
*  Royal  Society  of  Victoria,  Melbourne.     Transactions,  complete,  except  vols.  i.  and  vi. 
•Royal  United  Service  Institution,  London.     Journal,  complete,  except  Nos.  4,  6,  27,  28, 

29,  62,  04,  65,  66,  70,  71,  74,  94,  95. 
*Sanitary  Institute  of  Great  Britain,  Loudon.     Transactions,  complete. 

Science  and  Art  of  Mining,  Wigan.     Complete. 
^Scientific  American,  New  York.     Complete  from  1893. 

Seismological  Society  of  Japan,  Yokohama.     Transactions,  complete. 
•Smithsonian  Institution,  Washington,  U.S.A.     Annual  Repoit  of  the  Board  of  Regents, 

complete  from  1862. 
"Socie'te'  des  Inge'nieurs  Civils,  Paris.     Me'moires,  complete  from  1849.      Comptes-rendus, 

complete  from  lc79. 
•Society  des  Inge'nieurs  sortis  do  l'Ecole  Provinciale  d'Industrie  et  des  Mines  du  Hainaut, 

Lie'ge.     Me'moires,  complete  from  1850. 
*Socie'te'  Ge'ologique  de  Belgique,  Lie'ge.     Annales,  complete. 
*Socie'te'  Ge'ologique  de  France,  Paris.     Me'moires,  complete  from  series  3,  except  vol. 

iii.,  part  2.     Bulletin,  complete  from  beginning,  except  series  2. 
*Socie'te'  Ge'jlogique  du  Xord,  Lille.     Annales,  complete  from  vol.  vii.,  except  vol.  ix. 
•Societe  de  l'lndustrie  Mine'rale,  St.  Etienne.     Bulletin,  complete  from  vol.  vii.,  series 

2.     Comptes-rendus,  complete  from  1877.     Atlases,  complete  from  tome  vi. 
*Socie'te'  Industrielle  du  Nord  de  la  France,  Lille.     Bulletin,  complete  from  No.  30. 
*Socie'te'  Scieutifique  Industrielle  de  Marseille,  Marseille.     Bulletin,  complete. 
*Society  of  Chemical  Industry,  London.     Journal,  complete. 
•Society  of  Engineers,  London.     Transactions,  complete  from  1861,  except  1890. 
South  African  Association  of  Engineers  and  Architects,  Johannesburg.     Vol.  i. 
•South  Staff  ordshire  and  East  Worcestershire  Institute  of  Mining  Engineers,  Birmingham. 

Transactions,  complete. 
*South  Staffordshire  Institute  of  Iron  and  Steel  Works  Managers,  Stourbridge.     Com- 
plete from  vol.  ii. 
fSouth  Wales  Institute  of  Engineers,  Cardiff.     Transactions,  complete. 
*Stahl  und  Eisen,  Diisseldorf.    Complete  from  vol.  xiv. 
^Steamship,  Leith.     Complete. 

JStevens'  Indicator,  Hoboken,  New  Jersey.     Complete  from  vol.  vi. 
*Surveyors'  Institution,  London.     Transactions,  complete. 
Times  Newspaper,  London.     Complete  from  March,  1869. 
Times  Newspaper,  Index,  London.     Complete  from  January,  1864. 
Trade  and  Navigation  Accounts,  London.     Complete  from  1865. 
*U.S.  Naval  Institute,   Annapolis.     Proceedings,  complete  from  vol.  viii. 
*United  States  Patent  Office,  Washington.     Official  Gazette,  from  vol.  lxviii. 
Vereins-Mittheilungen,  Beilage  zur  Oesterreichischen  Zeitschrift  fur  Berg-und  Hi'itten- 

wesen,  Vienna.     Complete  from  1884. 

*  Victoria,  Department  of  Muies,  Melbourne.     Reports,  complete. 

*  Victorian  Institute  of  Surveyors,   Melbourne.     Transactions  and  Proceedings,  complete 

from  vols.  i. -iii. ,  1893. 
"Western  Society  of  Engineers,  Chicago.     Journal,  vol.  i.,  parts  1-3. 
*Wisconsin  Academy  of  Sciences,  Arts,  and  Letters,  Madison.      Transactions,  complete 

to  1894,  except  vol.  ix. ,  pages  236-252: 
.  Zeitschrift  des  Vereines  Deutscher  Ingenieure,  Berlin.     Complete  from  vol.  xxvi. 
Zeitschrift  fur  das  Berg-,  Hiitteu-  und  Salinen-Wesen  im  Preussischen  Staate,  Berlin. 

Complete. 
*Zeitschrift  fiir  Praktische  Geologie,  Berlin.     Complete  from  1891. 

The  Library  comprises  over  8,00)  Volumes,  etc.,  treating  of  Geology,  and  Mining, 
Mechanical,  and  Civil  Engineering. 

August  1st,  1896. 
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CHARTER 

OF 

THE    NORTH    OF    ENGLAND 


FOUNDED  1852. 
INCORPORATED  NOVEMBER  28th,  187a 


^3tCt0rtttt  by  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Faith,  to  all  to  whom 
these  Presents  shall  come,  Greeting  : 

Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of  Hetton, 
in  the  County  of  Durham.  Esquire  (since  deceased)  ;  Thomas  Emerson 
Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased)  ;  Sir  George 
Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton  Hall, 
in  the  said  County  of  Durham,  and  Edward  Fenwick  Boyd,  of  Moor 
House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our  loving 
subjects,  did,  in  the  year  one  thousand  eight  hundred  and  fifty  two,  form 
themselves  into  a  Society,  which  is  known  by  the  name  of  The  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  having 
for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the  advancement 
of  the  Sciences  of  Mining  and  Engineering  generally,  of  which  Society 
Lindsay  Wood,  of  Southill,  Chester-le-Street,  in  the  County  of  Durham, 
Esquire,  is  the  present  President.  And  whereas  it  has  been  further 
represented  to  us  that  the  Society  was  not  constituted  for  gain,  and  that 
neither  its  projectors  nor  Members  derive  nor  have  derived  pecuniary 
profit  from  its  prosperity  ;  that  it  has  during  its  existence  of  a  period  of 
nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  preservation  of 
human  life  and  the  safer  development  of  mineral  property ;  that  it  has 
contributed  substantially  and  beneficially  to  the  prosperity  of  the  country 
and  the  welfare  and  happiness  of  the  working  members  of  the  community  ; 
that  the  Society  has  since  its  establishment  diligently  pursued  its  aforesaid 
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objects,  and  in  so  doing  has  made  costly  experiments  and  researches  with 
a  view  to  the  saving  of  life  by  improvements  in  the  ventilation  of  mines, 
by  ascertaining  the  conditions  under  which  the  safety  lamp  may  be  relied 
on  for  security  ;  that  the  experiments  conducted  by  the  Society  have  re- 
lated to  accidents  in  mines  of  every  description,  and  have  not  been  limited 
to  those  proceeding  from  explosions  ;  that  the  various  modes  of  getting 
coal,  whether  by  mechanical  appliances  or  otherwise,  have  received  careful 
and  continuous  attention,  while  the  improvements  in  the  mode  of  working 
and  hauling  belowground,  the  machinery  employed  for  preventing  the 
disastrous  falls  of  roof  underground,  and  the  prevention  of  spontaneous 
combustion  in  seams  of  coal  as  well  as  in  cargoes,  and  the  providing 
additional  security  for  the  miners  in  ascending  and  descending  the  pits, 
the  improvements  in  the  cages  used  for  this  purpose,  and  in  the  safe- 
guards against  what  is  technically  known  as  "overwinding,"  have  been 
most  successful  in  lessening  the  dangers  of  mining,  and  in  preserving 
human  life  ;  that  the  Society  has  held  meetings  at  stated  periods,  at  which 
the  results  of  the  said  experiments  and  researches  have  been  considered 
and  discussed,  and  has  published  a  series  of  Transactions  filling  many 
volumes,  and  forming  in  itself  a  highly  valuable  Library  of  scientific 
reference,  by  which  the  same  have  been  made  known  to  the  public,  and 
has  formed  a  Library  of  Scientific  "Works  and  Collections  of  Models  and 
Apparatus,  and  that  distinguished  persons  in  foreign  countries  have  availed 
themselves  of  the  facilities  afforded  by  the  Society  for  communicating 
important  scientific  and  practical  discoveries,  and  thus  a  useful  inter- 
change of  valuable  information  has  been  effected ;  that  in  particular,  with 
regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour,  and  the 
details  of  which  are  recorded  in  the  successive  volumes  of  the  Society's 
Transactions,  have  led  to  large  and  important  advances  in  the  practical 
knowledge  of  that  subject,  and  that  the  Society's  researches  have  tended 
largely  to  increase  the  security  of  life ;  that  the  Members  of  the  Society 
exceed  800  in  number,  and  include  a  large  proportion  of  the  leading 
Mining  Engineers  in  the  United  Kingdom.  And  whereas  in  order  to 
secure  the  property  of  the  Society,  and  to  .extend  its  useful  operations, 
and  to  give  it  a  more  permanent  establishment  among  the  Scientific 
Institutions  of  Our  Kingdom,  "We  have  been  besought  to  grant  to  the  said 
Lindsay  "Wood,  and  other  the  present  Members  of  the  Society,  and  to 
those  who  shall  hereafter  become  Members  thereof,  our  Royal  Charter  of 
Incorporation.  Now  know  ye  that  "We,  being  desirous  of  encouraging  a 
design  so  laudable  and  salutary,  of  our   especial  grace,  certain  know- 
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ledge,  and  mere  motion,  have  willed,  granted,  and  declared,  and  do,  by 
these  presents,  for  us,  our  heirs,  and  successors,  will,  grant,  and  declare, 
that  the  said  Lindsay  "Wood,  and  such  others  of  our  loving  subjects 
as  are  now  Members  of  the  said  Society,  and  such  others  as  shall  from 
time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  shall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  for  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic 
and  corporate,  by  the  name  of  "  The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  Us,  Our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive, 
possess,  hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattels 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
Statutes  of  Mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands, 
tenements,  or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site 
of  the  said  hall  or  house,  shall  net  exceed  in  the  whole  the  sum  of  three 
thousand  pounds,  computing  the  same  respectively  at  the  rack  rent  which 
might  have  been  had  or  gotten  for  the  same  respectively  at  the  time  of 
the  purchase  or  acquisition  thereof.  And  we  do  hereby  grant  our 
especial  license  and  authority  unto  all  and  every  person  and  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments,  not  exceeding 
with  the  lands,  tenements  or  hereditaments  so  purchased  or  previously 
acquired  such  annual  value  as  aforesaid,  and  also  any  moneys,  stocks, 
securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of  in  the 
purchase  of  any  lands,  tenements,  or  hereditaments  not  exceeding  the  like 
annual  value.  And  we  further  will,  grant,  and  declare,  that  the  said 
Society  shall  have  full  power  and  authority,  from  time  to  time,  to  sell, 
grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of  mortgage, 
or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and  possessions, 
wherein  they  have  any  estate  or  interest,  or  which  they  shall  acquire  as 
aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any  lands, 
tenements,  or  hereditaments  of  the  Society  shall  be  made,  except  with  the 
approbation  and  concurrence  of  a  General  Meeting.     And  Qui'  will  and 
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pleasure  is,  and  we  further  grant  arid  declare  that  for  the  better  rule  and 
government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  be  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Members  thereof,  and  to  include  the  President  and  the 
Vice-Presidents,  and  such  other  office-bearers  or  past  office-bearers  as  may 
be  directed  by  such  Bye-laws  as  hereinafter  mentioned,  but  so  that  the 
Council,  including  all  ex-officio  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  shall 
be  not  more  than  six  or  less  than  two  in  number.  And  we  do  hereby 
further  will  and  declare  that  the  said  Lindsay  Wood,  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents, 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  first  Treasurer  and  Secretary,  and  the  persons  now  being  the  Members 
of  the  Council  shall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectively  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.  And  we 
do  hereby  further  will  aud  declare  that,  subject  to  the  powers  by  these 
presents  vested  in  the  General  Meetings  of  the  Society,  the  Council  shall 
have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Realm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.  And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say  :  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein  ;  and  for  regulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held, 
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and  for  convening  the  same-  and  regulating  the  proceedings  thereat,  and 
for  regulating  the  manner  of  admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and  for 
imposing  reasonable  fines  or  penalties  for  non-performance  of  any  such 
Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to  annul, 
alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye-laws  to  be  made 
as  aforesaid  be  not  repugnant  to  these  presents,  or  to  any  of  the  laws  of 
our  Realm.  And  we  do  further  will  and  declare  that  the  present  Rules 
and  Regulations  of  the  Society,  so  far  as  they  are  not  inconsistent  with 
these  presents,  shall  continue  in  force,  and  be  deemed  the  Bye-laws  of  the 
Society  until  the  same  shall  be  altered  by  a  General  Meeting,  Provided 
always  that  the  present  Rules  and  Regulations  of  the  Society  and  any 
future  Bye-laws  of  the  Society  so  to  be  made  as  aforesaid  shall  have  no 
force  or  effect  whatsoever  until  the  same  shall  have  been  approved  in 
writing  by  our  Secretary  of  State  for  the  Home  Department.  In  witness 
whereof  we  have  caused  these  our  Letters  to  be  made  Patent. 

Witness   Ourself  at   Our  Palace,  at  "Westminster,  this  28th  day  of 
November,  in  the  fortieth  year  of  Our  Reign. 

By  Her  Majesty's  Coaiaiand, 

CARDEW. 
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THE  NORTH  OF  ENGLAND  INSTITUTE 


MINING   AND   MECHANICAL    ENGINEERS. 


BYE-LAWS. 


I. — Constitution. 

1. — The  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers  shall  consist  of  Members,  Associate  Members,  and  Honorary 
Members.  The  Institute  shall  in  addition  comprise  Associates  and 
Students. 

2. — The  Officers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Members  and  Associate  Members, 
and  shall  consist  of  a  President,  six  Vice-Presidents,  and  eighteen 
Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Members  of 
the  Institute)  shall  constitute  the  Council. 

All  Past-Presidents  shall  be  ex-officio  Members  of  the  Council,  so  long 
as  they  continue  Members  or  Associate  Members  of  the  Institute ;  and 
Vice-Presidents  who  have  not  been  re-elected  or  have  become  ineligible 
from  having  held  office  for  three  consecutive  years,  shall  be  ex-officio 
Members  of  the  Council  for  the  following  year. 

II. — Qualifications  of  Members,  Associate  Members,  Honorary 
Members,  Associates,  and  Students. 
8. — Members. — Every  candidate  for  admission  into  the  class  of 
Members,  or  for  transfer  into  that  class,  shall  come  within  the  following 
conditions : — He  shall  be  more  than  twenty-three  years  of  age,  have  been 
regularly  educated  as  a  Mining  or  Mechanical  Engineer,  or  in  some  other 
branch  of  Engineering,  according  to  the  usual  routine  of  pupilage,  and 
have  had  subsequent  employment  for  at  least  two  years  in  some  respon- 
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sible  situation  as  an  Engineer,  or  if  he  has  not  undergone  the  usual 
routine  of  pupilage,  he  must  have  been  employed  or  have  practised  as 
an  Engineer  for  at  least  five  years.  This  class  shall  also  comprise  every 
person  who  was  an  Ordinary  Member,  Life  Member,  or  Student  on  the 
first  of  August,  1877. 

i. — Associate  Members  shall  be  persons  connected  with  or  interested 
in  Mining  or  Engineering,  and  not  practising  as  Mining  or  Mechanical 
Engineers,  or  in  some  other  branch  of  Engineering. 

5. — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — Associates  shall  be  persons  acting  as  under-viewers,  under- 
managers,  or  in  other  subordinate  positions  in  mines,  or  employed  in 
analogous  positions  in  other  branches  of  Engineering. 

7. — Students  shall  be  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  other  branch  of 
Engineering,  and  such  persons  may  continue  Students  until  they  attain 
the  age  of  twenty-five  years. 

III. — Election  and  Expulsion  of  Members. 

8. — Any  person  desirous  of  becoming  a  Member,  an  Associate  Member, 
an  Associate,  or  a  Student,  shall  be  proposed  according  to  the  Forms  A, 
B,  C,  or  D  respectively  in  the  Appendix,  in  which  Form  the  name,  usual 
residence,  and  qualifications  of  the  candidate  shall  be  distinctly  specified. 
The  Form  must  be  signed  by  the  proposer  and  at  least  two  other  Members 
or  Associate  Members,  certifying  a  personal  knowledge  of  the  candidate. 

Any  person  qualified  to  become  an  Honorary  Member  shall  be  proposed 
according  to  the  Form  E  in  the  Appendix,  in  which  Form  the  names, 
usual  residence,  and  qualifications  of  the  candidate  shall  be  distinctly 
stated.  This  Form  must  be  signed  by  the  proposer  and  at  least  five  other 
Members  or  Associate  Members,  certifying  a  personal  knowledge  of  the 
candidate,  and  the  Council  shall  have  the  power  of  defining  the  time 
during  which,  and  the  circumstances  under  which  the  candidate  shall 
be  an  Honorary  Member. 

Any  Associate  or  Student  desirous  of  becoming  a  Member,  shall  be 
proposed  and  recommended  according  to  the  Fonn  F  in  the  Appendix, 
in  which  Form  the  name,  usual  residence,  and  qualifications  of  the 
candidate  shall  be  distinctly  specified.  This  Form  must  be  signed  by  the 
proposer  and    at    least    two    other    Members,   or  Associate   Members, 
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certifying  a  personal  knowledge  of  the  candidate,  and  the  proposal  shall 
then  be  treated  in  the  manner  hereinafter  described. 

Every  proposal  shall  be  delivered  to  the  Secretary,  and  by  him  sub- 
mitted to  the  next  meeting  of  the  Council,  who,  on  approving  the 
qualifications,  shall  determine  if  the  candidate  is  to  be  presented  for 
ballot,  and  if  it  is  so  determined,  the  Chairman  of  the  Council  shall  sign 
such  proposal.  The  same  shall  be  read  at  the  next  Ordinary  General 
Meeting,  and  afterwards  be  exhibited  in  the  Institute's  Hall  until  the 
following  Ordinary  General  Meeting,  when  the  candidate  shall  be  balloted 
for. 

A  Student  may  become  an  Associate  at  any  time  after  attaining  the 
age  of  twenty-one  years. 

9. — The  balloting  shall  be  conducted  in  the  following  manner  : — Each 
Member  or  Associate  Member  attending  the  meeting  at  which  a  ballot  is 
to  take  place,  shall  be  supplied  (on  demand)  with  a  list  of  the  names  of 
the  persons  to  be  balloted  for,  according  to  the  Form  G-  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall  not 
be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the  presiding 
Chairman  for  the  purpose,  and  such  scrutineers  shall  examine  the  lists  so 
returned,  and  inform  the  meeting  what  elections  have  been  made.  No 
candidate  shall  be  elected  unless  he  secures  the  votes  of  two-thirds  of  the 
Members  and  Associate  Members  voting. 

10. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  Form  H  in  the  Appendix,  enclosing  at 
the  same  time  a  copy  of  Form  T,  which  shall  be  returned  by  the  person 
elected,  signed,  and  accompanied  with  the  amount  of  his  anuual  subscrip- 
tion, or  life  composition,  within  two  months  from  the  date  of  such  election, 
which  otherwise  shall  become  void. 

1 1 . — Every  Member  having  signed  a  declaration  in  the  Form  I,  and 
having  likewise  made  the  proper  payment,  shall  receive  a  certificate  of  his 
election,  according  to  the  Form  J. 

12. — Any  Member,  Associate  Member,  Associate,  or  Student  elected 
at  any  meeting  between  the  Annual  Meetings  shall  be  entitled  to  all 
Transactions  issued  in  the  Institute's  year,  so  soon  as  he  has  signed  and 
returned  Form  I,  and  paid  his  subscription. 

13. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to  those 
whose  subscriptions  are  in  arrear  on  the  first  of  May  in  each  year. 

14. — Any  person  whose  subscription  is  more  than  one  year  in  arrear 
shall  be  reported  to  the  Council,  who  shall  direct  application  to  be  made 
for  it,  according  to  the  Form  K  in  the  Appendix,  and  in  the  event  of  its 
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continuing  one  month  in  arrear  after  such  application,  the  Council  shall 
have  the  power,  after  remonstrance  by  letter  to  his  last  recorded  address 
in  the  books  of  the  Society,  according  to  the  Form  L  in  the  Appendix, 
of  declaring  that  the  defaulter  has  ceased  to  be  a  Member. 

15. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members  or  Associate  Members,  and  they  think  fit  to 
draw  up  and  sign  a  proposal  requiring  snch  expnlsion,  the  same  being 
delivered  to  the  Secretary,  shall  be  by  him  laid  before  the  next  meeting 
of  the  Council  for  consideration.  If  the  Council,  after  due  inquiry,  do  not 
find  reason  to  concur  in  the  proposal,  no  entry  thereof  shall  be  made  in  any 
minutes,  nor  shall  any  public  discussion  thereon  be  permitted,  unless  by 
requisition  signed  by  one-half  of  the  Members  or  Associate  Members 
of  the  Institute  ;  but  if  the  Council  do  find  good  reason  for  the  proposed 
expulsion,  they  shall  direct  the  Secretary  to  address  a  letter,  according  to 
the  Form  M  in  the  Appendix,  to  the  person  proposed  to  be  expelled, 
advising  him  to  withdraw  from  the  Institute.  If  that  advice  be  followed, 
no  entry  on  the  minutes  nor  any  public  discussion  on  the  subject  shall  be 
permitted  ;  but  if  that  advice  be  not  followed,  nor  an  explanation  given 
which  is  satisfactory  to  the  Council,  they  shall  call  a  General  Meeting  for 
the  purpose  of  deciding  on  the  question  of  expulsion  ;  and  if  a  majority  of 
the  Members  and  Associate  Members  present  at  such  meeting  (provided 
the  number  so  present  be  not  less  than  forty)  vote  that  such  person  be 
expelled,  the  Chairman  of  that  meeting  shall  declare  the  same  accord- 
ingly, and  the  Secretary  shall  communicate  the  same  to  the  person, 
according  to  the  Form  X  in  the  Appendix. 

IY. — Subscriptions. 
16. — The  annual  subscription  of  each  Member  and  Associate  Member 
shall  be   £2   2s.,   of  each   Associate  and  Student   £1    Is.,  payable   in 
advance,  and  shall  be  considered  due  on  election,  and  afterwards  on  the 
first  Saturday  in  August  of  each  year. 

17. — Any  Member.  Associate  Member,  Associate  or  Student  may,  at 
any  time,  compound  for  all  future  subscriptions  by  a  payment  in  accord- 
ance with  the  following  scale  : — 

the  sum  of  £27 
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or  on  such  other  conditions  as  the  Council  may,  in  writing,  accept.     Every 
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person  so  compounding  shall  be  a  Member,  Associate  Member,  Associate 
or  Student  for  life,  as  the  case  may  be.  Any  Associate  Member,  Associate 
or  Student  so  compounding  who  may  afterwards  be  qualified  to  become  a 
Member,  may  do  so,  by  election  in  the  manner  described  in  Bye-law  8. 
All  compositions  shall  be  deemed  capital  money  of  the  Institute. 

18. — In  case  any  Member,  Associate  Member,  or  Associate  who  has 
been  long  distinguished  in  his  professional  career,  becomes  unable,  from 
ill-health,  advanced  age,  or  other  sufficient  cause,  to  carry  on  a  lucrative 
practice,  the  Council  may,  on  the  report  of  a  Sab-Committee  appointed 
by  them  for  that  purpose,  if  they  find  good  reason  for  the  remission  of 
the  annual  subscription,  so  remit  it.  They  may  also  remit  any  arrears 
which  are  due  from  a  Member,  or  they  may  accept  from  him  a  collection 
of  books,  or  drawings,  or  models,  or  other  contributions,  in  lieu  of  the 
composition  mentioned  in  Bye-law  17,  and  may  thereupon  release  him 
from  any  or  all  future  subscriptions,  and  permit  him  to  resume  his  former 
rank  in  the  Institute. 

19.— Owners  of  Collieries,  Engineers,  Manufacturers,  Railway  Com- 
panies, and  Employers  of  labour  generally,  may  subscribe  annually  to  the 
funds  of  the  Institute,  and  each  such  subscriber  of  £2  2  s.  annually  shall 
be  entitled  to  tickets  to  admit  two  persons  to  the  rooms,  library,  meetings, 
lectures,  aud  public  proceedings  of  the  Society  ;  and  for  every  additional 
£2  2s.,  subscribed  annually,  two  other  persons  shall  be  admissible  ;  and 
each  such  subscriber  shall  also  be  entitled  for  each  £2  2s.  subscription 
to  have  a  copy  of  the  Transactions  of  the  Institute  sent  to  him. 

V. — Election  of  Officees. 

20. — The  President,  Vice-Presidents,  and  Councillors  shall  be  elected 
at  the  Annual  Meeting  in  August  (except  in  cases  of  vacancies)  and  shall 
be  eligible  for  re-election  to  any  office,  with  the  exception  of  any  President 
who  may  have  held  office  for  the  two  immediately  preceding  years,  or 
Vice-President  who  may  have  held  office  for  the  three  immediately 
preceding  years,  and  such  six  Councillors  as  may  have  attended  the  fewest 
Council  Meetings  during  the  past  year,  and  when  any  such  attendances 
are  equal,  the  Council  shall  decide  between  them  ;  but  any  such  Member 
or  Associate  Member  shall  be  eligible  for  re-election  after  being  one  year 
out  of  office. 

Any  Retiring  Vice-President  or  Councillor  who  may  be  ineligible  for 
re-election  shall  nevertheless  be  eligible  to  any  other  office. 

21. — Each  Member,  and  Associate  Member,  shall  be  at  liberty  to 
nominate  in  writing,  and  send  to  the  Secretary  not  less  than  eight  days 
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prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly  signed,  of 
Members  and  Associate  Members  suitable  to  fill  the  offices  of  President, 
Vice-Presidents,  and  Members  of  Council,  for  the  ensuing  year.  The 
Council  shall  prepare  a  list  of  the  persons  so  nominated,  together  with 
the  names  of  the  Officers  for  the  current  war  eligible  for  re-election,  and 
of  such  other  Members  and  Associate  Members  as  they  deem  suitable  for 
the  various  offices.  Such  list  shall  comprise  the  names  of  not  less  than 
thirty  persons.  The  list  so  prepared  by  the  Council  shall  be  submitted 
to  the  General  Meeting  in  June,  and  shall  be  the  balloting  list  for  the 
annual  election  in  August.  (See  Form  0  in  the  Appendix.)  A  copy  of 
this  list  shall  be  posted  at  least  seven  days  previous  to  the  Annual  Meeting, 
to  every  Member  and  Associate  Member,  who  may  erase  any  name  or 
names  from  the  list,  and  substitute  the  name  or  names  of  any  other 
Member  or  Associate  Member  eligible  for  each  respective  office  ;  but  the 
number  of  names  on  the  list,  after  such  erasure  or  substitution,  must  not 
exceed  the  number  to  be  elected  to  the  respective  offices.  Papers  which 
do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers. 
The  votes  for  any  Member  who  may  not  be  elected  President  or  Vice- 
Presidents  shall  count  for  them  as  Members  of  the  Council,  but  in  no 
case  shall  he  receive  more  than  one  vote  from  each  voter.  The  Chairman 
shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  and, 
after  making  the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand 
to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting  papers  may 
be  returned  through  the  post,  addressed  to  the  Secretary,  or  be  handed  to 
him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the 
appointment  of  the  scrutineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease,  expulsion,  or  resignation  of  any  Officer  or 
Officers,  the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be 
filled  up,  shall  present  to  the  next  Ordinary  General  Meeting  a  List  of 
persons  whom  they  nominate  as  suitable  for  the  vacant  office  or  offices, 
and  a  new  Officer  or  Officers  shall  be  elected  at  the  first  succeeding 
Ordinary  General  Meeting. 

23. — The  Treasurer  and  the  Secretary  shall  be  appointed  by  the  Council, 
and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a  General 
Meeting.     One  and  the  same  person  may  hold  both  these  offices. 

VI. — Duties  of  the  Officers  astd  Council. 

24. — The  President  shall  take  the  chair  at  all  meetings  of  the  Institute. 
the  Council,  and  Committees,  at  which  he  is  present  (he  being  ex-ojficio  a 
member  of  all),  and  shall  regulate  and  keep  order  in  the  proceedings. 

e 
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2r>. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the  senior 
Vice-President  present  to  preside  at  the  meetings  of  the  Institute,  to 
keep  order,  and  to  regulate  the  proceedings.  In  case  of  the  absence  of 
the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect  any 
Member  of  Council,  or  in  case  of  their  absence,  any  Member  or  Associate 
Member  present,  to  take  the  chair  at  the  Meeting. 

26. — At  Meetings  of  the  Council,  five  shall  be  a  quorum.  The  minutes 
of  the  Council's  proceedings  shall  be  at  all  times  open  to  the  inspection 
of  the  Members  and  Associate  Members. 

27. — The  Treasurer  and  the  Secretary  shall  act  under  the  direction  and 
control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

28. — The  Council  may  appoint  Committees  for  the  purpose  of  tran- 
sacting any  particular  business,  or  of  investigating  any  specific  subject 
connected  with  the  objects  of  the  Institute.  Such  Committees  shall 
make  a  report  to  the  Council,  who  shall  act  thereon,  and  make  use  thereof 
as  they  see  occasion. 


VII.— Communications  and  Memoies. 

29. — All  papers  shall  be  sent  for  the  approval  of  the  Council  at  least 
twenty-one  days  before  a  General  Meeting,  and  after  approval,  shall  be 
read  before  the  Institute.  The  Council  shall  also  direct  whether  any 
paper  read  before  the  Institute  shall  be  printed  in  the  Transactions,  and 
immediate  notice  shall  be  given  to  the  writer  whether  it  is  to  be  printed 
or  not. 

30. — The  copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

31. — Twenty  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

32. — All  proofs  of  reports  of  discussions,  forwarded  to  any  person  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

33. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements  and 
opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  discussions 
which  may  take  place  at  the  meetings  of  the  Institute. 
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VIII.— Meetings  of  the  Institute. 

34.— An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  other- 
wise determined  by  the  Council :  and  the  Ordinary  General  Meeting  in 
the  month  of  August  shall  be  the  Annual  Meeting,  at  which  a  report  of 
the  proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year, 
shall  be  presented  by  the  Council. 

35. — All  donations  to  the  Institute  shall  be  acknowledged  in  the 
Annual  Eeport  of  the  Council. 

36. — A  Special  General  Meeting  shall  be  called  whenever  the  Council 
may  think  fit.  and  also  on  a  requisition  to  the  Council,  signed  by  ten  or 
more  Members  or  Associate  Members.  The  business  of  a  Special  Meeting 
shall  be  confined  to  that  specified  in  the  notice  convening  it. 

37. — The  Members,  Associate  Members,  Honorary  Members,  Associates 
and  Students,  shall  have  notice  of,  and  the  privilege  to  attend,  all 
Ordinary  General  Meetings  and  Special  Meetings. 

38. — Every  question,  not  otherwise  provided  for,  which  shall  come 
before  any  meeting,  shall  be  decided  by  the  votes  of  the  majority  of  the 
Members  and  Associate  Members  then  present. 

39. — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote. 

Any  Member  or  Associate  Member  shall  have  power  to  introduce  two 
strangers  (see  Form  P)  to  any  General  Meeting,  but  they  shall  not  take 
part  in  the  proceedings  except  by  permission  of  the  meeting. 

IX. — Property  of  the  Institute. 

40. — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

41. — The  Institute  Hall  and  Reading  Room  shall  be  open  to  the 
Members,  Associate  Members,  Honorary  Members,  Associates  and 
Students  on  every  week  day,  from  10  a.m  to  5  p.m.,  except  on  such 
special  day  or  days  when  the  Council  shall  think  it  expedient  to  close  the 
rooms  and  suspend  the  circulation  of  Books.  Books  shall  be  issued 
according  to  regulations  from  time  to  time  approved  by  the  Council. 

42. — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  Member,  Associate  Member,  Associate  or  Student,  unless 
by  order  from  the  Council. 
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X. — Alteration  of  Bye-laws. 

4:3. — No  ulceration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting-,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 


Approved  by  the  Secretary  for  the  Home  Department, 

Whitehall, 

29th  June,  1S91  and 
26th  September,  1894. 
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APPENDIX  TO  THE  BYE-LAWS. 


[FORM  A.] 

A.  B.  [Christian  Name.  Surname.  Occupation,  and  Address  in  fall],  being 
upwards  of  twenty-three  years  of  age.  and  desirous  of  becoming  a  Member  of  the 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  I  recommend 
him,  from^er.sOH//  knowledge,  as  a  person  in  every  respect  worthy  of  that  distinc- 
tion, because — 

[Here  specify  distinctly  the  qualifications  of  the  Candidate,  according  to  the  spirit 

of  Bye-law  3.] 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 
admitted  a  Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We.  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  a  Member. 

FROM   PERSONAL   KNOWLEDGE. 

Two  Members 

or 

Associate  Members. 

[To  be  filled  nj)  by  the  Council.'] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted   for  as  a  Member  of   the   North   of   England   Institute  of   Mining  and 
Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 


[FORM  B.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being 
desirous  of  becoming  an  Associate  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  I  recommend  him,  from  personal  knowledge,  as 
a  person  in  every  respect  worthy  of  that  distinction,  and  propose  him  to  the 
Council  as  a  proper  person  to  be  admitted  an  Associate  Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  an  Associate 
Member. 

FROM   PERSONAL   KNOWLEDGE. 


Two  Members 

or 

Associate  Members. 


1XX  APPENDIX. — BYE-LAWS. 

[To  be  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  .an  Associate  Member  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of IS 


[FORM  C] 

A.  B.  [Christian  Name.  Surname,  Occupation,  and  Address  in  full],  being 
desirous  of  becoming  an  Associate  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  I  recommend  him,  from  personal  knowledge,  as  a  person 
in  every  respect  worthy  of  that  distinction,  and  propose  him  to  the  Council  as  a 
proper  person  to  be  admitted  as  an  Associate. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  as  an  Associate. 

FROM  PERSONAL   KNOWLEDGE. 

ITwo  Members 
or 
Associate  Members. 


[To  be  filled  v/p  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  an  Associate  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 


[FORM  D.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being  under 
twenty-five  years  of  age  and  desirous  of  becoming  a  Student  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  I  recommend  him,  from 
personal  knowledge,  as  a  person  in  every  respect  worthy  of  that  distinction,  and 
propose  him  to  the  Council  as  a  proper  person  to  be  admitted  as  a  Student. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  a  Student. 

FROM  PERSONAL  KNOWLEDGE. 

Two  Members 


Associate  Members. 
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[To  be  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  a  Student  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 

Signed Chairman. 

Dated  this dav  of 18 


[FORM  E.] 

I  recommend  A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
from  personal  knowledge,  as  a  person  in  every  respect  qualified  to  become  an 
Honorary  Member  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  because — 

[Here  specify  distinctly  the  qualifications  of  the  Candidate,  according  to  the  spirit 

of  Bye-Ian  5.] 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 
admitted  an  Honorary  Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced  that 
A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  an  Honorary  Member. 

FROM    PERSONA!,  KNOWLEDGE. 


Five  Members 

or 

Associate  Members. 


[To  be  filled  up  by  the  Council.] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  an  Honorary  Member  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 
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[FORM  P.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being:  at 

present  a of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers,  and  upwards  of  twenty-three  years  of  age,  and  being 
desirous  of  becoming  a  Member  of  the  said  Institute,  I  recommend  him.  from 
personal  hnowlcdge,  as  a  person  in  every  respect  worthy  of  that  distinction, 
because — 

'Here  specify  distinctly  the  qualifications  of  the  Candidate,  according  to  the  spirit 

of  Bye-law  3.] 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 
admitted  a  Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced  that 
A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  a  Member. 


FROM    PERSONAL    KNOWLEDGE. 

)       Two  Members 

>  or 
)  Associate  Members. 


\_To  be  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  a  Member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 


[FORM  G.] 

List  of  the  names  of  persons  to  be  balloted  for  at  the  General  Meeting  on. 
the day  of .- 18 

Members  : — 


Associate  Members 


Honorary  Members 
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Associates  : — 


Students  :- 


Strike  out  the  names  of  such  persons  as  you  desire  should  not  be  elected,  and 
hand  the  list  to  the  Chairman. 


[FORM  H.] 

Sie, — I  beg  leave  to  inform  you  that  on  the day  of 

you  were  elected  a of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers.     In  conformity  with  its  Rules  your  election  cannot 
be  confirmed  until  the  enclosed  form  be  returned  to  me  with  your  signature,  and 

until  your  first  annual  subscription  be  paid,  the  amount  of  which  is  & 

or,  at  your  option,  a  life-composition  in  accordance  with  the  following  scale  : — 

Under  30  years  of  age     ...         ...         ...  £27 

Over  30     „             „      24 

„     40     „             „      21 

„     50      „             „      ...  18 

„     60     „             „      14 

If  the  subscription  is  not  received  within  two  months  from  the  present  date,  the 
election  will  become  void  under  Bye-law  10. 

I  am,  sir,  yours  faithfully,' 


Dated 18 


.Secretary. 


[FORM  I.] 

I,  the  undersigned,  being  elected  a of  the  North  of  England 

Institute  of  Mining  and  Mechanical  Engineers,  do  hereby  agree  that  I  will  be 
governed  by  the  Charter  and  Bye-laws  of  the  said  Institute  for  the  time  being ; 
and  that  I  will  advance  the  objects  of  the  Institute  as  far  as  shall  be  in  my  power, 
and  will  not  aid  in  any  unauthorised  publication  of  the  proceedings,  and  will 
attend  the  meetings  thereof  as  often  as  I  conveniently  can  ;  provided  that  when- 
ever I  shall  signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing 
my  name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  cease  to  be  a  Member. 

Witness  my  hand  this day  of 18 


[FORM  J.] 

The  Noeth  op  England  Institute  of  Mining  and  Mechanical  Engineees. 

Founded  1852.     Incorporated  by  Royal  Charter,  A.D.,  1876. 

These  are  to  certify  that  A.   B.  [Christian  Name,  Surname,   Occupation,  and 

Address  in  full]   was  elected   a  Member    of  the  North   of  England   Institute  of 

Mining  and  Mechanical  Engineers,  at  a  General  Meeting  held  on  the day  of 

18        . 

"Witness  our  hands  and  Seal  this day  of 18 

.President. 
Seal  \ 

.Secretary. 

/ 
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[FORM  K.] 
Sib. — I  am  directed  by  the  Council  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  draw  your  attention  to  Bye-law  14,  and  to  remind 

you  that  the  sum  of  & of  your  annual  subscriptions  to  the  funds  of  the 

Institute  remains  unpaid,  and  that  you  are  in  consequence  in  arrear  of  subscription. 
I  am  also  directed  to  request  that  you  will  cause  the  same  to  be  paid  without 
further  delay,  otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  Article  above  referred  to. 
I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 


[FORM  L.] 

Sib, — I  am  directed  by  the  Council  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  inform  you,  that  in  consequence  of  non-payment  of 
your  arrears  of  subscription,  and  in  pursuance  of  Bye-law  14,  the  Council  have 

determined  that  unless  payment  of  the  amount  & is  made  previous  to 

the day  of next,  they  will  proceed  to  declare  that 

you  have  ceased  to  be  a  Member  of  the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  payment  of  the 
arrears  due  from  you. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 


[FORM  M.] 
Sib, — I  am  directed  by  the  Council  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  inform  you  that,  upon  mature  consideration  of  a 
proposal  which  has  been  laid  before  them  relative  to  you,  they  feel  it  their  duty  to 
advise  you  to  withdraw  from  the  Institute,  or  otherwise  they  will  be  obliged  to 
act  in  accordance  with  Bye-law  15. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 


[FORM  N.] 
Sib, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a  Special 
General  Meeting  of  the  North  of   England  Institute  of  Mining  and  Mechanical 

Engineers,  held  on  the day  of 18 ,  according  to 

the  provisions  of  Bye-law  15,  you  have  ceased  to  be  a k...of  the  Institute. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 
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[FORM  0.] 
Balloting  List, 


Ballot  to  take  place  at  the  Annual  Meeting  on 18 at  Two  o'clock,  p.m. 

The  names  of  persons  for  whom  the  voter  does  not  vote  must  be  erased,  and 
the  names  of  other  persons  eligible  for  re-election  may  be  inserted  in  their  place, 
provided  the  number  remaining  on  the  list  does  not  exceed  the  number  of  persons 
to  be  elected. 


President — Not  more  than  One  Name  to  be  returned,  or  the  vote 

will  be  lost. 
President  for  the  current  year  eligible  for  re-election.* 

I-  New  Nominations.* 


Vice-Presidents — Not  more  than  Six  Names  to  be  returned,  or  the 

vote  will  be  lost. 

The  Votes  for  any  Member  who  may  not  be  elected  President 

or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council, 

but  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter. 

~  I  Vice-Presidents   for  the   current   year  eligible  for   re- 
—  1  election. 


■  New  Nominations. 


Council — Not  more  than  Eighteen  Names  to  be  returned,  or  the 
vote  will  be  lost. 


Members  of  the  Council  for  the  current  year  eligible  for 
/         re-election. 


>New  Nominations. 
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*  To  be  inserted  when  necessary. 
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Ex-Officio  Members  of  the  Council  for  the  ensuing  year  ; 


Past-Presidents. 


Retiring  Vice-Presidents. 


Extract  from  Bye-law  21. 

'  Each  Member,  and  Associate  Member,  shall  be  at  liberty  to  nominate  in  writing,  and  Bend  to  the 
Secretary  not  less  than  eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly 
signed,  of  Members  and  Associate  Members  suitable  to  fill  the  offices  of  President,  Vice-Presidents, 
and  Members  of  Council,  for  the  ensuing  year.  The  Council  shall  prepare  a  list  of  the  persons 
so^nominated,  together  with  the  names  of  the  Officers  for  the  current  year  eligible  for  re-election, 
and  of  such  other  Members  and  Associate  Members  as  they  deem  suitable  for  the  various  offices. 
Such  list  shall  comprise  the  names  of  not  less  than  thirty  persons.  The  list  so  prepared  by  the 
Council  shall  be  submitted  to  the  General  Meeting  in  June,  and  shall  be  the  balloting  list  for  the 
annual  election  in  August.  [See  Form  O  in  the  Appendix.]  A  copy  of  this  list  shall  be  posted  at 
least  seven  days  previous  to  the  Annual  Meeting,  to  every  Member  and  Associate  Member,  who 
may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  of  any  other  Member 
or  Associate  Member  eligible  for  each  respective  office  ;  but  the  number  of  names  on  the  list,  after 
such  erasure  or  substitution,  must  not  exceed  the  number  to  be  elected  to  the  respective  offices. 
Papers  which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers.  The  votes 
for  any  Member  who  may  not  be  elected  President  or  Vice-Presidents  shall  count  for  them  as 
Members  of  the  Council,  but  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter.  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  and,  after  making 
the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand  to  the  Chairman  a  list  of  the  elected 
Officers.  The  balloting  papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
be  handed  to  him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the  appointment 
of  the  scrutineers  for  the  election  of  Officers. 

Names  substituted  for  any  of  the  above  are  to  be  written  in  the  blank  spaces 
opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes  specified  in  Bye-law  20  : — 

As  President 

As  Vice-President 

As  Councillors 


[FORM  P.] 

Admit 

of 

to  the  General  Meeting  on  Saturday,  the 

(Signature  of  Member,  Associate  Member,  Associate,  or  Student) 

The  Chair  to  be  taken  at  Two  o'clock  p.m. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised  publication 
of  the  Proceedings. 

(Signature  of  Visitor) 

Not  transferable. 
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